
Design Guidel ines 

F O R  T H E  

TYPE 2A & 2B LIMITED SPACE 
CRITICAL POWER 

DISTRIBUTION SYSTEM (CPDS)

Contract Number 

CONTRACTOR 

EYP/MCF

54 State Street 
Albany, New York 

Design Guidelines developed for

U . S .  D E PA R T M E N T  O F  T R A N S P O R TAT I O N

FEDERAL AVIATION ADMINISTRATION 

July 11, 2008



July 11, 2008  Design Guidelines—Type 2A & 2B Limited Space CPDS 

  FAA Power Services Group, CPDS Program Office 

ii



Design Guidelines—Type 2A & 2B Limited Space CPDS  July 11, 2008 

FAA Power Services Group, CPDS Program Office  Table of Contents 

  iii 

Table of Contents 

Table of Contents...........................................................................................iii

SECTION 1 GENERAL INFORMATION.................................................... 1-1

1.1 PURPOSE ........................................................................................................... 1-1

1.2 ORGANIZATION.................................................................................................. 1-1

1.3 USE ..................................................................................................................... 1-1

1.4 RESPONSIBILITIES ............................................................................................ 1-2

1.5 SUBMITTALS ...................................................................................................... 1-3

1.5.1 Deliverables for Review .........................................................................................1-4

1.5.1.1 Overview .........................................................................................................1-4

1.5.1.2 Schematic Design ...........................................................................................1-4

1.5.1.3 Design Development.......................................................................................1-4

1.5.1.4 75% Contract Documents ...............................................................................1-5

1.5.1.5 95% Contract Documents ...............................................................................1-6

1.5.1.6 100% Contract Documents .............................................................................1-6

1.6 FAA DOCUMENTS.............................................................................................. 1-6

1.6.1 Federal Aviation Administration Orders .................................................................1-7

1.6.2 Federal Aviation Administration Standards ............................................................1-7

1.6.3 Federal Aviation Administration technical INSTRUCTION.....................................1-7

1.6.4 Occupational Safety And Health Administration (OSHA) Standards .....................1-7

1.6.5 Institute of Electrical and Electronics Engineers (IEEE).........................................1-7

SECTION 2 CPDS DESCRIPTION ............................................................ 2-1

2.1 OVERVIEW.......................................................................................................... 2-2

2.2 SUBSYSTEM DESCRIPTIONS TYPE 2A ........................................................... 2-3

2.2.1 Engine Generator (GEN)........................................................................................2-4

2.2.2 Generator Switchboard (GSH) ...............................................................................2-4

2.2.3 Service Disconnects (SESH) .................................................................................2-4

2.2.4 Automatic Transfer Switches (ATS) .......................................................................2-4

2.2.5 Essential Switchboard (ESH) .................................................................................2-5

2.2.6 Essential Distribution Panels (EDPH) ....................................................................2-5

2.2.7 Uninterruptible Power System (UPS).....................................................................2-5

2.2.8 UPS Output Switchboard (USH) ............................................................................2-6

2.2.9 Load Bank Distribution Panel (LBDPH) .................................................................2-6

2.2.10 UPS Output 208V Distribution Panel (UDPL) ........................................................2-6

2.2.11 UPS Output 208V Maintenance Distribution Panel (UDPLM)................................2-6

2.2.12 Essential 208V Distribution Panel (EDPL) .............................................................2-7

2.2.13 Critical & Essential Transformers (T-UDPL & T-EDPL) .........................................2-7



July 11, 2008  Design Guidelines—Type 2A & 2B Limited Space CPDS 

Table of Contents  FAA Power Services Group, CPDS Program Office 

iv   

2.2.14 Static Transfer Switches (STS)..............................................................................2-7

2.2.15 Critical & Essential Panels (CPL & EPL) ...............................................................2-8

2.2.16 Load Bank..............................................................................................................2-8

2.2.17 Electrical Power Monitoring System (EPMS).........................................................2-8

2.2.17.1 Event Criticality ...............................................................................................2-9

2.2.17.2 EPMS Software...............................................................................................2-9

2.2.17.3 EPMS Hardware ...........................................................................................2-10

2.2.17.3.1 Aggregating Switch Cabinet ..........................................................2-10

2.2.17.3.2 Workstation....................................................................................2-10

2.3 SUBSYSTEM DESCRIPTIONS TYPE 2B.......................................................... 2-10

2.3.1 Essential Distribution Panels (EDPH) ..................................................................2-11

2.3.2 UPS Output Distribution Panels (UDPH) .............................................................2-11

2.3.3 Critical & Essential Transformers (T-UDPL-CAB, T-EDPH-CAB & T-

EDPL) ..................................................................................................................2-11

2.3.4 Essential 480/277V Distribution Panels (EDPH)..................................................2-11

2.3.5 UPS Output 208V Distribution Panel (UDPL) ......................................................2-11

2.3.6 Essential 208V Distribution Panel (EDPL) ...........................................................2-12

2.3.7 Static Transfer Switches (STS)............................................................................2-12

2.3.8 Critical Distribution Panels (CDPL) ......................................................................2-13

2.3.9 Critical & Essential Panels (CPL, UPL & EPL) ....................................................2-13

2.3.10 Electrical Power Monitoring System (EPMS).......................................................2-13

2.3.10.1 Event Criticality .............................................................................................2-14

2.3.10.2 EPMS Software.............................................................................................2-14

2.3.10.3 EPMS Hardware ...........................................................................................2-15

2.3.10.3.1 Aggregating Switch Cabinet ..........................................................2-15

2.3.10.3.2 Workstation....................................................................................2-15

2.4 RELATIONSHIP OF UNITS ............................................................................... 2-16

SECTION 3 DESIGN IMPLEMENTATION REQUIREMENTS ...................3-1

3.1 CODES AND STANDARDS................................................................................. 3-1

3.2 DRAWING INFORMATION.................................................................................. 3-1

3.2.1 Grounding ..............................................................................................................3-1

3.2.2 Seismic Considerations .........................................................................................3-1

3.2.3 Equipment Layout and Space Allocation ...............................................................3-1

3.2.4 Transient Voltage Surge Suppression ...................................................................3-2

3.3 FACILITY LOADS ................................................................................................ 3-2

3.3.1 Critical Loads .........................................................................................................3-2

3.3.2 Essential Loads......................................................................................................3-2

3.4 EQUIPMENT SIZING ........................................................................................... 3-3

3.4.1 Utility Transformer Sizing.......................................................................................3-3

3.4.2 UPS Sizing.............................................................................................................3-3

3.4.3 Generator Sizing ....................................................................................................3-3

3.4.4 Load Bank Sizing ...................................................................................................3-3



Design Guidelines—Type 2A & 2B Limited Space CPDS  July 11, 2008 

FAA Power Services Group, CPDS Program Office  Table of Contents 

  v 

3.5 SUBSYSTEM QUANTITIES ................................................................................ 3-3

3.6 GENERAL CPDS DESIGN CRITERIA ................................................................ 3-4

3.6.1 Breaker Quantities and Sizes.................................................................................3-4

3.6.2 Feeder Circuit Sizing and Location ........................................................................3-4

3.6.3 Breaker Trip Settings .............................................................................................3-4

3.6.4 Switchboard or Distribution Panels ........................................................................3-4

3.6.5 Load Evaluation and Demand Factors...................................................................3-4

3.6.6 Equipment Physical Data .......................................................................................3-5

3.7 EPMS DESIGN CRITERIA AND EQUIPMENT LOCATIONS.............................. 3-5

3.7.1 EPMS Design Criteria ............................................................................................3-5

3.7.1.1 EPMS System Components ...........................................................................3-5

3.7.1.2 EPMS System Design Guidelines...................................................................3-5

3.7.1.2.1 Distances Requirments....................................................................3-5

3.7.1.2.2 SER and PQM Connection Quantity Limitations .............................3-5

3.7.1.2.3 Use of the VDTs ..............................................................................3-6

3.7.1.2.4 Adding Breakers ..............................................................................3-6

3.7.1.2.5 Powering EPMS Located in Power Distribution Boards ..................3-6

3.7.2 EPMS Equipment Locations ..................................................................................3-6

3.7.2.1 Sequence of Events Recorders (SERs)..........................................................3-6

3.7.2.2 Video Display Terminals (VDT).......................................................................3-7

3.7.2.3 Power Quality Meters (PQM) ..........................................................................3-8

3.7.2.4 Global Positioning System (GPS) ...................................................................3-8

3.7.2.5 EGX-400 Gateways ........................................................................................3-8

3.8 EPMS POINTS SUMMARY ................................................................................. 3-9

3.8.1 Switchgear & I-Line Points .....................................................................................3-9

3.8.2 Panelboard Points................................................................................................3-10

3.8.3 UPS System Points..............................................................................................3-10

3.8.4 Automatic Transfer Switches without Maintenance Bypass Points......................3-10

3.8.5 Static Transfer Switch Points ...............................................................................3-11

3.8.6 Generators and Generator Controller Points .......................................................3-11

3.9 STUDY REQUIREMENTS AND ASSUMPTIONS ............................................. 3-11

3.9.1 General ................................................................................................................3-11

3.9.2 Software Application for Study Calculations ........................................................3-12

3.9.3 Source of Data .....................................................................................................3-12

3.9.4 Protective Devices ...............................................................................................3-12

Appendix A —Acronyms and Abbreviations............................Appendix A1

Appendix B —Report Template for Studies .............................Appendix B1

Appendix C —Manufacturer’s Documentation.........................Appendix C1

C.1 Kohler Equipment................................................................................... Appendix C1

Generator ....................................................................................................... Appendix C1



July 11, 2008  Design Guidelines—Type 2A & 2B Limited Space CPDS 

Table of Contents  FAA Power Services Group, CPDS Program Office 

vi   

Automatic Transfer Switch ............................................................................. Appendix C1

C.2 Mitsubishi Equipment............................................................................. Appendix C1

Uninterruptible Power Supply......................................................................... Appendix C1

C.3 L–3 Equipment....................................................................................... Appendix C1

Static Transfer Switch .................................................................................... Appendix C1

C.4 Square D Equipment.............................................................................. Appendix C1

Switchboards.................................................................................................. Appendix C1

Panelboards ................................................................................................... Appendix C1

I-Line panelboards ......................................................................................... Appendix C1

EPMS ........................................................................................................ Appendix C1

Appendix D —Construction Specifications ............................. Appendix D1

Appendix E —Drawings ............................................................. Appendix E1

E 1 Drawing List ............................................................................................Appendix E1

Appendix F —Timetable for Scheduling................................... Appendix F1



Design Guidelines—Type 2A & 2B Limited Space CPDS  July 11, 2008 

FAA Power Services Group, CPDS Program Office  Section 1 General Information 

  1-1 

SECTION 1 GENERAL INFORMATION  

These Design Guidelines were developed to facilitate incorporation of the Type 2A and 

2B Limited Space Critical Power Distribution System (CPDS) into new and renovated 

National Air Space (NAS) Level 10-11 consolidated Terminal Radar Approach Control 

(TRACON) facilities as based upon terminal manager input (ATO-T). The Type 2A and 

2B Limited Space CPDS meets reliability, maintainability, and coordination 

requirements regarding critical power distribution for these facilities.  

1.1 PURPOSE  

The purpose of these Design Guidelines is to provide the Design Engineer with design 

information required to incorporate the Type 2A and 2B Limited Space CPDS into their 

facility design.  

1.2 ORGANIZATION  

These guidelines are organized to facilitate the site implementation of the CPDS by the 

Design Engineer, as follows:

Section 1 – Provides information regarding this document; the expected 

responsibilities of the Design Engineer, Regional Office, and Power Services Group 

(PSG); and the applicable FAA standards.  

Section 2 – Provides a description of the Type 2A and 2B Limited Space CPDS.  

Section 3 – Provides the requirements for implementing the Type 2A and 2B Limited 

Space CPDS at the intended site.  

Appendix A – Provides a list of acronyms and abbreviations used within this document.  

Appendix B – Provides a report template for the Short Circuit, Load Flow, and 

Protective Device Coordination studies. Guidelines for updating the report template are 

also provided.  The sample provided is in SKM Power Tools software as originally 

provided in the prototype designs.

Appendix C – Provides manufacturer’s documentation related to electrical equipment. 

Appendix D – Provides generic construction specifications for installation of electrical 

equipment and installation requirements. 

Appendix E – Provides electrical drawings for limited space design criteria. 

Appendix F – Provides equipment time table and scheduling. 

1.3 USE  

The Design Engineer shall utilize the information contained in this document to 

perform the following tasks:

Evaluate the facility loads to:  

Size utility transformers.
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Size certain CPDS equipment such as the essential & UPS output 

panels, Load Bank, etc.  

Size interconnecting feeders between CPDS equipment.  

Determine quantities of CPDS equipment sub-systems, such as the 

CPLs and EPL’s

Identify connections of building power system loads to their appropriate 

CPDS equipment power source.  

Allocate space for CPDS equipment within the facility.  

Properly layout CPDS equipment within the facility.

Develop a Short Circuit (SC) study.  

Develop a Load Flow (LF) study.

Develop a Protective Device Coordination (PDC) study.

1.4 RESPONSIBILITIES  

The FAA Power Services Group (PSG) CPDS Program Office shall provide a copy of 

this Design Guidelines document to the FAA Regional Office, which will in turn provide 

the document to the designated Design Engineer. 

The Design Engineer shall incorporate the CPDS into the facility design based on the 

information set forth in this document. All questions regarding the use of this document 

shall be addressed directly to the CPDS Program Office for disposition.  

The Regional Office shall provide the Design Engineer with the necessary information 

to implement the CPDS at the intended site. This information shall include a list of all 

the facility’s critical loads, and a list of applicable standards and requirements not 

specifically mentioned in this document.  

The Design Engineer shall submit the Design Packages in section 1.5.1 to the 

responsible Regional Office. This office shall forward the electrical portion of the 

Design Package to the CPDS Program Office for review and validation against the 

Type 2A and 2B Limited Space CPDS design. Comments generated by the CPDS 

Program Office shall be submitted to the Regional Office, who shall forward them to 

the Design Engineer for disposition. If the CPDS Program Office determines the need, 

a meeting shall be arranged with the Design Engineer to discuss incorporation of the 

CPDS into the facility design.  

The Design Engineer shall submit the Short Circuit, Load Flow, and the Protective 

Device Coordination studies to the Regional Office. This office shall forward the 

studies to the CPDS Program Office for review and validation against the Type 2A and 

2B Limited Space CPDS design. Comments generated by the CPDS Program Office 

shall be submitted to the Regional Office, who shall forward them to the Design 

Engineer for disposition. 

Any requested changes to CPDS equipment configuration by the Design Engineer 

shall be submitted through the Regional Office, who shall pass them to the CPDS 
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Program Office for review. The CPDS Program Office shall coordinate disposition of 

the change requests with Regional Office and the Design Engineer.  

Figure below provides a graphic representation of the information flow described 

above. Note: It is not the purpose or intention of this document to manage the interface 

between the Regional Office and the Design Engineer, only to specify the information 

exchange necessary to support efficient implementation of the CPDS at the facility. 

DESIGN

ENGINEER

FAA

REGIONAL

OFFICE

FAA POWER 

SERVICES 

GROUP

CPDS

PROGRAM

OFFICE

PROVIDE CLARIFICATION OF DESIGN GUIDELINES USAGE

SUBMIT QUESTIONS REGARDING USAGE OF DESIGN GUIDELINES

SUBMIT DESIGN GUIDELINESFORWARD DESIGN GUIDELINES

PROVIDE LIST OF CRITICAL LOADS,

STANDARDS, ETC

SUBMIT DESIGN PACKAGES

FORWARD COMMENTS ON

DESIGN PACKAGES

SUBMIT STUDIES

FORWARD COMMENTS ON STUDIES

SUBMIT CHANGE REQUEST

FORWARD DISPOSITION OF

CHANGE REQUEST

FORWARD DESIGN PACKAGES

SUBMIT COMMENTS ON DESIGN PACKAGES

FORWARD STUDIES

SUBMIT COMMENTS ON STUDIES

FORWARD CHANGE REQUEST

SUBMIT DISPOSITION OF CHANGE REQUEST

Information Flow and Responsibilities 

1.5 SUBMITTALS 

In addition to the Design Packages, the Design Engineer shall submit the Load Flow 

and Voltage Drop study and the Short Circuit and Coordination study. The Load Flow 

and Voltage Drop study shall verify proper equipment loading and voltage drop at each 

piece of equipment. The Short Circuit and Coordination study shall verify the withstand 

rating for each piece of equipment and include coordination curves with text 

descriptions, as well as a circuit breaker settings table. The CPDS Program Office 

shall review the Design Package to verify proper integration of the Type 2A and 2B 

Limited Space CPDS into the facility design.
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1.5.1 DELIVERABLES FOR REVIEW 

1.5.1.1 OVERVIEW 

The Power Services Office has outlined the following deliverables that shall be 

reviewed for compliance with the standard design.  It is important that each deliverable 

contains the appropriate level of information requested. 

1.5.1.2 SCHEMATIC DESIGN 

The Schematic Design deliverable shall indicate 20% completion, and shall consist of 

the following information: 

A single line diagram with equipment names, but not sizes, indicated, 

Floor plans with room size allocations.  This shall show the 

compartmentalization of rooms with room names taken from the standard 

power design, 

An acknowledgment letter indicating that the professional engineer is 

following the current standard with all modifications and revisions.  Refer to 

Appendix A, Engineering Acknowledgement, in Volume 10, Part 1, Book 1 

of TI6480.3, CPDS for additional information, 

A load calculation that identifies the critical, essential, and non-essential 

loads as well as assumptions regarding demand factors and diversity. 

Refer to Appendix B, Load Calculations, in Volume 10, Part 1, Book 1 of 

TI6480.3, CPDS for additional information, and 

A Schedule of the future deliverables. 

Upon receipt of a deliverable, the Power Services Office shall return comments within 

10 business days using overnight delivery.  If a conference call is requested by either 

the Consulting Firm or Power Services Office, it shall occur within 10 business days of 

the request date. 

1.5.1.3 DESIGN DEVELOPMENT 

The Design Development deliverable shall indicate 40% completion, and shall consist 

of the following information: 

A 100% complete single line diagram with equipment names and sizes, 

Floor plans with equipment locations.  This shall show the 

compartmentalization of rooms and equipment with room names taken 

from the standard power design, 

System block diagrams for ancillary systems including fuel oil, fire alarm, 

and power monitoring systems, 

An acknowledgment letter indicating that the professional engineer is 

following the current standard with all modifications and revisions.  Refer to 

Appendix A, Engineering Acknowledgement, in Volume 10, Part 1, Book 1 

of TI6480.3, CPDS for additional information, 
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A load calculation that identifies the critical, essential, and non-essential 

loads as well as assumptions regarding demand factors and diversity. 

Refer to Appendix B, Load Calculations, in Volume 10, Part 1, Book 1 of 

TI6480.3, CPDS for additional information, 

A cost estimate with Government Furnished Equipment (GFE) information, 

and

A schedule of the future deliverables. 

Upon receipt of a deliverable, the Power Services Office shall return comments within 

10 business days using overnight delivery.  If a conference call is requested by either 

the consulting firm or Power Services Office, it shall occur within 10 business days of 

the request date. 

1.5.1.4 75% CONTRACT DOCUMENTS 

The 75% Contract Documents deliverable, which shall indicate an overall 75% 

completion, consists of the following information: 

100% complete single line diagram with equipment names and sizes, 

75% complete floor plans with equipment locations.  This shall show the 

compartmentalization of rooms and equipment with room names taken 

from the standard power design, 

Fully developed system block diagrams for ancillary systems including fuel 

oil, fire alarm, power monitoring systems, and emergency power off 

systems, 

An acknowledgment letter indicating that the professional engineer is 

following the current standard with all modifications/revisions.  Refer to 

Appendix A, Engineering Acknowledgement, in Volume 10, Part 1, Book 1 

of TI6480.3, CPDS for additional information, 

A load calculation that identifies the critical, essential, and non-essential 

loads and all assumptions regarding demand factors and diversity. Refer to 

Appendix B, Load Calculations, in Volume 10, Part 1, Book 1 of TI6480.3, 

CPDS for additional information, 

A cost estimate with GFE information, 

Details of installation along with book specifications, 

An inventory of GFE, including contract numbers and CLIN designations, 

prior to requisition, and 

A schedule of the future deliverables. 

Upon receipt of a deliverable, the Power Services Office shall return comments within 

10 business days using overnight delivery.  If a conference call is requested by either 

the consulting firm or Power Services Office, it shall occur within 10 business days of 

the request date. 
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1.5.1.5 95% CONTRACT DOCUMENTS 

The 95% Contract Documents deliverable, which shall indicate an overall 100% 

completion, consists of the following information: 

100% complete single line diagram with equipment names and sizes, 

100% complete floor plans with equipment locations.  This shall show the 

compartmentalization of rooms and equipment with room names taken 

from the standard power design. 

Fully developed diagrams for ancillary systems including fuel oil, fire alarm, 

power monitoring systems, and emergency power off systems. 

An acknowledgment letter indicating that the professional engineer is 

following the current standard with all modifications/revisions.  Refer to 

Appendix A, Engineering Acknowledgement, in Volume 10, Part 1, Book 1 

of TI6480.3, CPDS for additional information, 

A load calculation that identifies the critical, essential, and non-essential 

loads and all assumptions regarding demand factors and diversity. Refer to 

Appendix B, Load Calculations, in Volume 10, Part 1, Book 1 of TI6480.3, 

CPDS for additional information, 

A cost estimate with GFE information, 

Details of installation along with book specifications, 

An inventory of GFE, including contract numbers and CLIN designations, 

prior to requisition, and 

A schedule of the future deliverables. 

Upon receipt of a deliverable, the Power Services Office shall return comments within 

10 business days using overnight delivery.  If a conference call is requested by either 

the consulting firm or Power Services Office, it shall occur within 10 business days of 

the request date. 

1.5.1.6 100% CONTRACT DOCUMENTS 

The 100% Contract Documents deliverable, which shall indicate an overall 100% 

completion plus all comments, consists of the following information: 

An acknowledgment letter indicating that all 95% document comments 

have been incorporated. 

All documents above from 95% submission have been updated & 

resubmitted with all comments addressed and incorporated. 

1.6 FAA DOCUMENTS  

The Design Engineer shall adhere to the standards and requirements specified in the 

FAA documents listed below. This Design Guideline takes precedence in the event of 

any conflicts with the referenced documents. In the event of any confusion, the Design 

Engineer shall contact the CPDS Program Office for clarification.  
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1.6.1 FEDERAL AVIATION ADMINISTRATION ORDERS 

6480.3 CPDS Technical Instruction Manuals/Electrical Drawings. 

6480.7D Airport Traffic Control Tower and Terminal Radar Approach Control Facility Design Guidelines, 

Revision 8/11/04. 

6950.27 Short Circuit Analysis and Protective Device Coordination Study. 

1.6.2 FEDERAL AVIATION ADMINISTRATION STANDARDS

FAA-STD-019D Lightning Protection, Grounding, Bonding, and Shielding 

FAA-STD-032 Design Standards For National Airspace System (NAS) Physical Facilities 

FAA-C-1217F Electrical Work, Interior 

1.6.3 FEDERAL AVIATION ADMINISTRATION TECHNICAL INSTRUCTION 

TI 6480.3 Technical Instruction Book Volume 10: Site Procurement Guide and Interface Requirements (IRD), 

Part 2: Type 2 CPDS IRD, Book 1: Type 2 CPDS Interface Requirements Document 

1.6.4 OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION (OSHA) 
STANDARDS

OSHA CFR 29 Part 1910 Occupational Safety and Health Standards 

1.6.5 INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 

IEEE 241-1999 IEEE Recommended Practice for Electric Power Systems in Commercial Buildings (Gray Book) 

IEEE 242-1986 IEEE Recommended Practice for Protection and Coordination of Industrial and Commercial Power 

Systems (IEEE Buff Book) 

IEEE 399-1997 IEEE Recommended Practice for Industrial and Commercial Power Systems Analysis (IEEE Brown 

Book)

IEEE 446-1995 IEEE Recommended Practice for Emergency and Standby Power Systems for Industrial and 

Commercial Applications (IEEE Orange Book) 

IEEE 493 1997 IEEE Recommended Practice for the Design of Reliable Industrial and Commercial Power Systems 

(IEEE Gold Book) 

IEEE books can be obtained from www.ieee.org.

This document is available on CD from the CPDS Program office.  If a document is not 

included on this CD, refer to www.FAA.gov.  In addition the content of all PSG CAD 

drawings are provided in AutoCAD 2005, for editing and use by the Design Engineer in 

preparing the facility design.  A sample of the CPDS Short Circuit, Load Flow and 

Protection Device Coordination Study in SKM Power tools shall be provided.  It is not 

specific to this facility.  The Engineer performing these studies for the specific facility 

shall build the complete model for the facility power system by incorporating actual 

equipment sizes, cable sizes and length, and utility fault contributions and transformer 

impedances.
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SECTION 2 CPDS DESCRIPTION  

The CPDS is a collection of tightly integrated subsystems, which are themselves 

comprised of commercial-off-the-shelf (COTS) items. When perusing the information 

provided below, the reader is encouraged to refer to the CPDS One-Line diagram for 

clarity. 

Subsystem Name  Designations  Quantity  

Engine Generators with load bank GEN-A1 with LBHG & GEN-B1 with LBHG  2 

Generator Switchboard GSHA & GSHB 2 

Service Disconnect SESHA & SESHB 2 

Automatic Transfer Switch ATS-A & ATS-B 2 

Essential Switchboard  ESHA & ESHB  2 

Essential Distribution Panels  EDPHA & EDPHB 2 

Uninterruptible Power System  UPS-A & UPS-B 2 

UPS Output Switchboard  USHA & USHB 2 

Load Bank Distribution Panel LBDPH 1 

UPS Output 208V Distribution Panel  UDPLA & UDPLB 2 

UPS Output Maintenance Distribution Panel UDPLM 1 

Critical & Essential Transformers T-UDPLA, T-EDPLA, T-UDPLB & T-

EDPLB

4

Essential 208V Distribution Panels EDPLA & EDPLB 2 

Static Transfer Switch  STS1 thru STS6 6* 

Critical & Essential Panels with TVSS CPL1-6, EPLA1-4 & EPLB1-4 14* 

Load Bank for UPS  LBHU 1 

Electrical Power Monitoring System  EPMS  1 

Subsystem Designations for Type 2A Limited Space- * Quantity will vary 
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Subsystem Name  Designations  Quantity  

Essential Distribution Panels EDPHA1-CAB & EDPHB1-CAB 2 

UPS Output Distribution Panel  UDPHA-CAB & UDPHB-CAB 2 

Critical & Essential Transformers T-EDPHA2-CAB, T-EDPLA-CAB, T-

UDPLA-CAB, T-UDPLB-CAB, T-EDPLB-

CAB, T-EDPHB2-CAB 

6

Essential 480/277V Distribution Panel EDPHA2-CAB & EDPHB2-CAB 2 

UPS Output 208V Distribution Panel  UDPLA-CAB & UDPLB-CAB 2 

Essential 208V Distribution Panels EDPLA-CAB & EDPLB-CAB 2 

Static Transfer Switch  STS 1* 

Critical Distribution Panel CDPL-CAB 1* 

Critical & Essential Panels with TVSS UPLA-CAB,CPL1-CAB, CPL2-CAB, 

CPL3-CAB, UPLB-CAB, EPL-CAB 

6*

Electrical Power Monitoring System  EPMS  1 

Subsystem Designations for Type 2B Limited Space- * Quantity will vary 

2.1 OVERVIEW  

The CPDS utilizes two utility feeders, two standby Engine Generators (GEN), 2N 

essential distribution switchboards, 2N Uninterruptible Power Systems (UPSs), and 

Static Transfer Switches (STSs), etc to manage power for the facility’s critical, 

essential, and non-essential loads. The Electrical Power Monitoring System (EPMS) 

displays electrical power distribution status throughout the CPDS. This allows for rapid 

diagnosis of the system and facilitates maintenance and troubleshooting. 

The CPDS is considered to be in a normal configuration when both utility feeders are 

on line and providing power within specifications, both sides of the 2N essential 

switchboards are active, all circuit breakers and components are in the normal 

positions, and the generators are available.  In this configuration, each side of 

essential switchboards ESHA and ESHB is powered independently by an associated 

utility service disconnect which is fed by separate independent utility feeders. 

The CPDS incorporates two independent essential switchboards and 2N redundant 

sources (2 utilities & 2 generators) to maintain power to critical, essential, and non-

essential loads.  

Both utility feeders feed essential loads through Essential Switchboards (ESHA & 

ESHB), which are both powered by independant generator sources thru Automatic 

Transfer Switches (ATS-A & ATS-B). If either source is lost, the ATS will send a start 

signal to the generators to come online.  Once online, the generators will carry the total 

load of the facility. 
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If either utility feeder fails and both generators do not start, the second utility feeder is 

sized to carry the entire building load.  If the building is powered by the generator and 

one generator fails and both utility feeders are still unavailable, one generator can 

carry the entire building power without interruption since each generator is sized to 

carry entire building. 

For other essential loads (mechanical, lighting, receptacles, etc), this equipment is fed 

from both Essential Distribution Panels (EDPHA & EDPHB). If the A side power fails, 

the B side panels will carry the load thru automatic transfer switches, if provided at all 

loads.  If a utility outage occurs and both feeders lose power, the loads will be re-

powered once the generators have started and come online. 

The CPDS supplies critical loads with filtered and continuous power through two 

independent Uninterruptible Power Systems (UPS).  The critical loads are supplied by 

the UPS-A and UPS-B via the UPS Output Switchboards (USHA & USHB), the UPS 

Output Distribution Panels (UDPLA & UDPLB), the Static Transfer Switches (STSs), 

and one or more Critical Power Panels (CPLs). 

To provide continuous power to critical loads, the UPSs use either its normal, battery, 

or bypass power to supply the UPS output USHA and USHB.  If any one source is lost, 

the UPS can switch to battery with no loss of power to the critical loads.  Each 480V 

UPS output switchboard (USHA & USHB) feeds a 208Y/120V UPS distribution panel 

(UDPLA & UDPLB respectively) via a step down transformer.  UDPLA and UDPLB 

then feed the Static Transfer Switches which then feed multiple CPL’s as required.  

For maintenance and redundancy, the CPLs are supplied with two main breakers so 

the second main breaker is fed by UDPLM which is fed from both UDPLA and UDPLB 

so both utility services and both generators can be used to provide power. 

Each critical panel (CPL) is fed by a STS.  The STS primary source is UDPLA and 

alternate source is UDPLB. Like the UPSs, the STSs are designed to ensure 

continuous power to the CPLs.  If the primary source fails, the alternate source will 

transfer within 4 ms to keep continuous power to the critical load.  If a STS is taken out 

for service, the second main breaker in the CPL, maintenance bypass breaker (MBB) 

is “wrapped” around the STS to keep the load up and running. 

2.2 SUBSYSTEM DESCRIPTIONS TYPE 2A  

The sections below describe the intended use and capabilities of the various 

subsystems as they apply to the overall CPDS. A description of the major equipment 

comprising each subsystem is included. The descriptions are applicable to any site 

based on the Type 2A Limited Space CPDS. The specific volumes of the technical 

instruction book containing detailed information are also referenced in the sections 

below. All external hardware and electrical interface characteristics associated with the 

FAA use of the CPDS are included.   

All equipment located on E420LSA is backed up by generator unless otherwise noted.  

The generator is located in the base building. 

The CPDS subsystems include various monitoring devices. These devices provide 

data which are managed remotely by the EPMS. Serial monitoring devices include 
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Circuit Monitors (CM), electronic trip units, and specialized communications boxes are 

also discussed.  The hardwired input devices are monitored by the RIO Drops. 

Hardwired input devices include circuit breakers, certain switches, under voltage 

relays, Transient Voltage Surge Suppressors (TVSS), and other devices. 

2.2.1 ENGINE GENERATOR (GEN)  

The Type 2A and 2B Limited Space CPDS implement two generators to ensure 

standby power is available to both essential switchboards in the event of a utility 

outage.  The generator sizes indicated on drawings are a typical range of sizes but the 

designer should determine the generator size based on the loads they are required to 

protect.  Each generator is capable of handling the entire CPDS load by itself if one 

generator fails.  When the CPDS is in a normal configuration, the generators are shut 

down, but are ready to start when required. 

In the event of a utility outage, the A or B ATS automatically sends a start signal to its 

respective generator. Once the generator reaches its rated voltage and frequency, the 

ATS will transfer the load to the generator. 

Each generator is supplied with dual breakers and a load bank sized to match the 

generator.

2.2.2 GENERATOR SWITCHBOARD (GSH)  

There are two generator switchboards that each feed a single separate independent 

generator.  The GSHA and GSHB is constructed using Power Style QED 2 enclosures.  

Each switchboard feeds an Automatic Transfer Switches, ATS-A and ATS-B.  When 

there is a loss of utility service, the respective ATS sends a start signal to the 

respective generator and the generator switchboard feeds the loads on that side.  

Each generator switchboard is also provided with UPS “wrap” feeds so if the UPS 

needs to be maintained, the generator can feed the critical loads with no loss of power. 

2.2.3 SERVICE DISCONNECTS (SESH)  

There are two main utility service disconnects that are fed from two incoming utility 

feeders.  Each feeder only serves one service disconnect switch.  The switches are 

fused bolted pressure switches with TVSS.  If the A side needs to be maintained, all 

the loads can be fed from the B side since it is sized to accommodate all the loads. 

2.2.4 AUTOMATIC TRANSFER SWITCHES (ATS)  

There are two automatic transfer switches that are fed from each service disconnect 

and from its respective generator switchboard.  If either utility feeder is out of service, 

the ATS will transfer to the emergency side, generator switchboard, and feed the load.  

If the A side ATS needs to be maintained, all the loads can be fed from the B side. 
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2.2.5 ESSENTIAL SWITCHBOARD (ESH)  

The CPDS implements two ESH’s (ESHA & ESHB) to distribute power from the utility 

services and generator services, if required.  The ESHs distribute power to all 

equipment in the building; critical, essential and non-essential.  The ESHs utilize 

Power Style QED 2 enclosures. 

In a normal configuration, bus A and bus B are independently powered by separate 

service disconnects and separate utility feeders.  In the event of a utility outage, the 

ATSs start the generator and both buses are fed by the generators when it reaches the 

required speed and voltage. 

2.2.6 ESSENTIAL DISTRIBUTION PANELS (EDPH)  

The CPDS utilizes two EDPHs (EDPHA & EDPHB) to distribute power to essential 

mechanical equipment, receptacles, lights, and other non-essential loads. The EDPHs 

utilize I-Line type distribution panel construction.  Normal input power is received 

through the essential switchboards, ESHA and ESHB, respectively.  

2.2.7 UNINTERRUPTIBLE POWER SYSTEM (UPS)

The CPDS implements 2N independant UPSs to provide “clean” filtered continuous 

power from the utility or generator sources to all critical loads.  One UPS system per 

side and each system sized to accommodate entire critical load.  Each single module 

UPS consists of a stand alone UPS module with sealed VRLA or wet cell batteries.  

The UPS sizes indicated on drawings are a typical range of sizes but the designer 

should determine the UPS size based on the critical loads they are required to protect. 

The batteries are located in a room separate from the UPS module.  The DC battery 

cables shall be sized to limit to voltage drop to 2V at 480V DC.  The Power Services 

Group (PSG) prefers wet cell batteries.  Wet cell batteries are more reliable, but if 

space does not allow for wet cells, use sealed VRLA.  Each UPS is sized to 

accommodate all critical loads only in the CPDS.  If one UPS is down for maintenance, 

the second UPS can protect all the critical loads. 

Each UPS receives normal input power from ESHA or ESHB.  Bypass input power is 

also supplied by ESHA or ESHB.  There also is a UPS maintenance wrap that is 

available from ESHA or ESHB.  If the UPS is down for maintenance, the maintenance 

bypass feature can be utilized to keep the critical loads unaffected with “raw” power or 

can be connected to the second UPS for “clean” power. 

The UPS has three modes of operation: normal, battery, and static bypass.  The UPS 

automatically switches between these modes as required during system operation.  

When the UPS is in normal mode, normal AC input power is converted to DC by a 

rectifier. This allows a trickle charge of the batteries, so that they are always fully 

charged when needed. The DC power is then converted back to AC by an inverter. If 

the normal AC input is lost, the UPS switches to battery mode with no interruption of 

power to the critical loads. In this mode, DC power flows from the batteries and 

through the inverter, which converts it to AC. The UPS remains in battery mode until 

normal input power is returned or the DC voltage drops too low to support the inverter.  

If both the normal input and the batteries are unavailable, the UPS switches to static 
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bypass mode. The UPS uses a static switch to maintain continuous power to the 

critical loads as the necessary contacts open or close to route power from the bypass 

input source to the loads. While in bypass mode, the UPS provides “dirty” unfiltered 

power to the critical loads.  

2.2.8 UPS OUTPUT SWITCHBOARD (USH) 

The CPDS implements two USHs (USHA & USHB) switchboards to distribute power 

from the UPS system to the critical loads via static transfer switches.  For UPS load 

testing, USHA and USHB are connected to a load bank via switchboard LBDPH.  Both 

USHA and USHB utilize Power Style QED 2 enclosures.  USHA and USHB utilize 

specific keyed breakers which allow the UPS to be load tested with the load bank 

without impacting any of the critical loads or other CPDS subsystems loads. 

If a UPS needs to be tested under load, the appropriate circuit breakers are opened 

and/or closed and the load bank circuit is operated. This configuration allows the UPS 

to be tested while the UPS maintenance bypass feeder is energized to feed the critical 

loads.

2.2.9 LOAD BANK DISTRIBUTION PANEL (LBDPH)  

The CPDS implements one LBDPH to facilitate load bank testing for both UPS 

systems using one load bank in lieu individual load banks for each UPS.  Breakers 

have specific keyed functions so only one UPS system is tested at a time.  LBDPH is 

constructed using the I-Line distribution panel enclosures.  LBDPH is fed by both 

USHA and USHB and the load bank. 

2.2.10 UPS OUTPUT 208V DISTRIBUTION PANEL (UDPL)  

The CPDS implements two UDPLs to distribute power from the USHA and USHB to 

the critical power panels (CPL) via static transfer switches.  UDPLA and UDPLB are 

constructed using the I-Line distribution panel enclosures.  UDPLA and UDPLB are fed 

from USHA and USHB via a 480V-208Y/120V step down transformers. 

UDPLA and UDPLB feed the primary sides and alternate sides of the static switches.  

If UDPLA is down for maintenance, the alternate side (UDPLB) of the STS feeds the 

critical loads and vice versa. 

2.2.11 UPS OUTPUT 208V MAINTENANCE DISTRIBUTION PANEL (UDPLM)  

The CPDS implements one UDPLM to connect UDPLA and UDPLB for maintenance 

purposes and also to provide a maintenance wrap feeder directly to the CPL panels.  If 

the A side of the UPS is down for maintenance, a specific keyed sequence is used to 

allow UDPLA to be fed from UDPLB to maintain two paths to the static switches 

downstream.  This sequence is used to maintain the reliability to the critical loads. 

The maintenance wrap feature to the CPL panels is used if the static switches are 

down for maintenance.  There is a keyed sequence that will allow the critical loads to 

be transferred to the alternate side UPS without dropping the load.   
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UDPLM is constructed using the I-Line distribution panel enclosure.  UDPLM is fed 

from UDPLA and UDPLB. 

2.2.12 ESSENTIAL 208V DISTRIBUTION PANEL (EDPL)

The CPDS implements two EDPLs (EDPLA & EDPLB) to distribute power from the 

essential switchboards to the essential loads.  All of the essential distribution panels 

are constructed using the I-Line distribution panel enclosures.  EDPLA is fed from 

ESHA and EDPLB is fed from ESHB.  They are all fed via 480V-208Y/120V step down 

transformers.

EDPLA and EDPLB feed the primary and alternate sides of the essential panels (EPL).  

If one side is down for maintenance, the alternate side will feed the panels so the load 

is fed continuous power. 

2.2.13 CRITICAL & ESSENTIAL TRANSFORMERS (T-UDPL & T-EDPL)

The transformers are used to step down the 480V critical and essential power down to 

208Y/120V.  The transformers are all located near their respective panels.  If 

harmonics is an issue at the site, provide a minimum of a K-13 rated transformer.  

If needed, design engineer shall also provide a 480V-480/277V transformer to feed 

any 277V loads in the building.  This is not indicated on electrical drawings.  

2.2.14 STATIC TRANSFER SWITCHES (STS)  

The CPDS implements six STSs to distribute continuous, filtered power from side A 

(UPS-A) and from side B (UPS-B).  Each STS feeds a critical panel (CPL).  The STSs 

shall be dispersed through-out the critical facility as required closest to their load.  

Each STS is a 3-phase, two-position switching device which automatically transfers a 

load between two power sources, designated Primary and Alternate within 4 ms. A 

Programmable Logic Controller (PLC) is built into the STS to control the power 

transfer.

A STS has two modes of operation: static and bypass. The STS is normally in the 

static mode, while the bypass mode is only used in the extreme situation that the STS 

itself is damaged. When in the static mode, the power from both sources is routed to 

the Silicon Controlled Rectifier (SCR) module. The selected source passes through the 

SCR, while the other source is halted. If the PLC orders a transfer to the other source, 

the SCR performs the transfer without causing a significant loss of power. The transfer 

time between power sources is within 4 milliseconds as specified by equipment 

manufacturer.  Considering the impact on the critical loads, this small transfer time is 

short enough to be deemed continuous. When in the bypass mode, the SCR is 

circumvented, so a transfer causes a loss of power to the critical loads. The bypass 

mode is provided as a redundancy in the event that the SCR becomes unusable. 

Each STS is associated with UDPLA and UDPLB and each one receives primary 

power from UDPLA and alternate power from UDPLB.  The total amount of STSs 
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needs to be split between UDPLA and UDPLB so the primary and alternate feeds are 

shared.  All STSs provide power to the primary side of each CPLs. 

Note that the grounding electrode of T-UDPLA & T-UDPLB must be tied together as 

indicated on drawings since the static transfer switches are 4 pole. 

2.2.15 CRITICAL & ESSENTIAL PANELS (CPL & EPL)  

The CPDS implements six CPLs and eight EPLs to distribute power from the STSs for 

critical loads and the EDPLs for essential loads. The CPLs are fed from the UPS and 

the EPLs are fed from the essential switchboards ESHA and ESHB with no UPS.  All 

panels are fed by the generator.  All critical and essential panels are built as 

panelboard construction but with the dual main circuit breaker option and a transient 

voltage surge suppressor (TVSS) device connected to each panel, externally.  The 

primary side of the CPLs is fed from the STS and the alternate side is fed from 

UDPLM.  For the A EPLs, the primary side is fed from EDPLA and the alternate side is 

fed from EDPLB.  For the B EPLs, the layout is reversed with the primary side fed from 

EDPLB and the alternate side from EDPLA. 

In a normal configuration, the primary feeder powers the panels.  When the upstream 

primary device is down for scheduled maintenance, the alternate side is energized to 

feed the loads.  This is accomplished by transferring the STS from primary to alternate 

source and using a Kirk key interlock.  The tie breakers in UDPLM will be closed to 

provide the alternate feed directly to the CPLs.  Once UDPLM is energized, close the 

maintenance bypass breaker in the panel and open the main breaker.  This will allow 

the loads to be maintained in a continuous fashion. 

2.2.16 LOAD BANK  

The CPDS implements a one load bank for the UPS and one load bank for the 

generator.  Each load bank is supplied with a remote load bank control panel.  The 

generator load bank can also be used to prevent under loading of the generator by 

adding a resistive load to the total facility load, when necessary.  The load bank 

resistors generate a large amount of heat, so a safety interlock ensures that the 

cooling blower is running before a load is applied.  If the load banks are greater than 

500kW, it is recommended that they be installed outdoors due to the heating factor. 

Each Load Bank Control Panel allows load to be applied in increments as low as 5kW 

to a total of maximum size of the load bank.  The load banks will be sized to match its 

respective generator and UPS.  The control panels are normally in local mode and are 

located next to the equipment that it is load testing. 

2.2.17 ELECTRICAL POWER MONITORING SYSTEM (EPMS)

The Electrical Power Monitoring System (EPMS) is an Ethernet-based system that 

monitors points on switchgear, low-voltage distribution switchboards, UPS systems, 

ATSs, STSs, generators, and generator controllers. The EPMS points check for 

instantaneous events such as equipment failures or breaker trips. EPMS points also 

report trending events such as equipment degradation, out-of-normal conditions, and 
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equipment out-of-range conditions detected as a trend over time. The EPMS system is 

designed to operate in a distributed processing environment. Within this environment, 

processors and other specified components time-synchronize to within one millisecond 

using an external time standard, Global Positioning System (GPS) receiver, or an 

IRIG-B time code signal to ensure an accurate sequence of events. 

The EPMS equipment is connected appropriately to the various Type 1 CPDS 

equipment using the following connections: RS-485 wiring, DCF-77 (GPS time signal 

converter) connections, GPS (RIG-B) time synch cabling, and CAT 6 Ethernet cable. 

The EPMS communicates with each circuit breaker, microprocessor-based trip unit, 

sequence of event recorder, and various gateways on the electrical distribution 

system. The visual touch screen displays operate with a one second refresh rate. All 

digital inputs have a one-millisecond timing resolution. Each Modbus device that 

communicates serially has a timing resolution of one second. Additional analog points 

are connected to the Power Quality Meter inputs. Discrete status inputs are connected 

to a Sequence of Events recorder. 

2.2.17.1 EVENT CRITICALITY 

The EPMS system monitors the CPDS equipment using a criticality hierarchy defined 

below:

Criticality 1. Trip condition. This condition causes a circuit breaker to open, terminating 

power down stream of the tripped circuit breaker. This condition indicates equipment 

failure and an alarm sounds.  

Criticality 2. Pre-trip condition. This condition indicates equipment degradation and an 

alarm sounds. 

Criticality 3. Equipment “out-of-normal” condition. This condition indicates that a circuit 

breaker or other equipment is functioning outside of its acceptable range and is 

indicated on the appropriate video display terminal. 

Criticality 4. EPMS Trending Reports. The EPMS monitors system equipment over 

time to determine trends indicating equipment out-of-range conditions.  

2.2.17.2 EPMS SOFTWARE 

The EPMS server software uses a Microsoft Windows-based platform and has online 

full screen editing to facilitate the programming and monitoring of the system. The 

software has an online help system showing all descriptions, tables, and screens of 

EPMS operation. 

The power management servers, workstations, and web-based client locations monitor 

vital system parameters and provide a scaleable system for future expansions without 

replacement of the EPMS system hardware or software. 

Diagnostics provide information on communication failures and configuration data 

mismatches.
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EPMS software takes incoming monitored data and performs mathematical and logical 

operations for control, viewing, logging or alarms.  

The EPMS screens show all parameters that are available from the individual 

equipment, including metered values, load status, alarm status, energy data, normal 

device state, equipment position, equipment status, equipment data logs, waveform 

capture, and sag/swell events. 

2.2.17.3 EPMS HARDWARE 

EPMS hardware components are used in the distributed processing environment and 

maintain in memory a permanent time-stamped event log supporting at least 1000 

events for database reconstruction. Each component has a 100 BaseT Ethernet 

connection. 

The following paragraphs provide a physical description and functional description of 

the EPMS hardware. 

2.2.17.3.1 AGGREGATING SWITCH CABINET 

A typical EPMS aggregating switch cabinet is 24 inches wide by 84 inches high and 36 

inches deep. Mounted in the aggregating switch cabinet are the EPMS primary server, 

a server monitor, the GPS system, a dedicated UPS and, if the equipment-to-switch 

distances are less than 328 feet, Ethernet switches. However, if Ethernet equipment-

to-switch distances are greater than 328 feet, horizontal cabinets will be required. 

Connections between the aggregating switches, servers, and the workstation are CAT 

6 CFCI ¾ inch conduit. 

2.2.17.3.2 WORKSTATION 

An operator workstation and video display terminals (VDT) provide a graphic user 

interface for operators to perform system monitoring. The workstation and VDTs have 

access to information provided by the power monitoring devices for centralized data 

display, data logging, alarming, event recording, and other monitor and control 

functions. Both the workstation and VDTs can monitor the CPDS at the same time.  

2.3 SUBSYSTEM DESCRIPTIONS TYPE 2B  

The sections below describe the intended use and capabilities of the various 

subsystems as they apply to the Tower portion of the CPDS. A description of the major 

equipment comprising each subsystem is included. The descriptions are applicable to 

any site based on the Type 2B Limited Space CPDS. The specific volumes of the 

technical instruction book containing detailed information are also referenced in the 

sections below. All external hardware and electrical interface characteristics 

associated with the FAA use of the CPDS are included.   

All equipment located on E420LSB is backed up by generator unless otherwise noted.  

The generator is located in the base building. 
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The CPDS subsystems include various monitoring devices. These devices provide 

data which are managed remotely by the EPMS. Serial monitoring devices include 

Circuit Monitors (CM), electronic trip units, and specialized communications boxes are 

also discussed.  The hardwired input devices are monitored by the RIO Drops. 

Hardwired input devices include circuit breakers, certain switches, under voltage 

relays, Transient Voltage Surge Suppressors (TVSS), and other devices. 

2.3.1 ESSENTIAL DISTRIBUTION PANELS (EDPH)  

The Type 2B CPDS utilizes two EDPHs, EDPHA1-CAB and EDPHB1-CAB to 

distribute power to mechanical equipment, receptacles, lights, and other non-essential 

loads located in the Tower. The EDPHs utilize I-Line type distribution panel 

construction.  Normal input power is received from essential switchboard ESHA and 

ESHB located in the base building.  

2.3.2 UPS OUTPUT DISTRIBUTION PANELS (UDPH) 

The Type 2B Tower CPDS implements two UDPHs (UDPHA-CAB & UDPB-CAB) to 

distribute power from the UPS systems, located in the base building, to the critical 

loads located in the tower.  Both UDPHA-CAB and UDPHB-CAB utilize I-Line 

distribution panel enclosures. 

2.3.3 CRITICAL & ESSENTIAL TRANSFORMERS (T-UDPL-CAB, T-EDPH-CAB & 
T-EDPL)

The transformers are used to step down the 480V critical and essential power down to 

208Y/120V.  The transformers are all located near their respective panels that they 

serve.  If harmonics is an issue at the site, provide a minimum of a K-13 rated 

transformer.  The transformers T-EDPHA2-CAB and T-EDPHB2-CAB are 480V-

480/277V to feed any 277V loads in the tower. 

2.3.4 ESSENTIAL 480/277V DISTRIBUTION PANELS (EDPH)

The Type 2B CPDS utilizes two EDPHs (EDPHA2-CAB & EDPHB2-CAB) to distribute 

power to all 277V loads which might include mechanical equipment, lights, and other 

non-essential loads located in the tower. The EDPHs utilize I-Line type distribution 

panel construction.  Normal input power is received from essential switchboard ESHA 

and ESHB located in the base building. 

2.3.5 UPS OUTPUT 208V DISTRIBUTION PANEL (UDPL)  

The Type 2B CPDS implements two UDPLs (UDPLA-CAB & UDPLB-CAB) to 

distribute power from the USHA and USHB, located in the base building, to the critical 

power panels (CPL) in the tower via CDPL-CAB and a static transfer switch.  UDPLA-

CAB and UDPLB-CAB are constructed using the I-Line distribution panel enclosures.  

UDPLA is fed from USHA via UDPHA-CAB and a 480V-208Y/120V step down 

transformer and UDPLB is fed from USHB via UDPHB-CAB and a 480V-208Y/120V 

step down transformer. 
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UDPLA-CAB feeds the primary side of the static switch.  If UDPLA-CAB is down for 

maintenance, the alternate side, UDPLB-CAB, of the STS feeds the critical loads.  

UDPLA-CAB also feeds UPLA-CAB which provides critical power in the tower but is 

not fed via a static switch.  UDPLB-CAB also feeds UPLB-CAB which provides critical 

power in the tower but is not fed via a static switch.   

2.3.6 ESSENTIAL 208V DISTRIBUTION PANEL (EDPL)

The Type 2B CPDS implements two EDPLs (EDPLA-CAB & EDPLB-CAB) to distribute 

power from the essential switchboards to the essential loads for all equipment in the 

tower.  Both essential distribution panels are constructed using the I-Line distribution 

panel enclosures.  EDPLA-CAB is fed from ESHA via EDPHA1-CAB and EDPLB is fed 

from ESHB via EDPHB1-CAB.  They are all fed via 480V-208Y/120V step down 

transformers.

EDPLA-CAB and EDPLB-CAB feed the primary and alternate side of the dual main 

breaker essential panel EPL-CAB.  If one side is down for maintenance, the alternate 

side will feed the panels so the load is fed continuous power. 

2.3.7 STATIC TRANSFER SWITCHES (STS)  

The Type 2B CPDS implements one STS to distribute continuous, filtered power from 

side A (UPS-A) and side B (UPS-B).  The STS feeds critical panels (CPLs) via one 

CDPL.  The STS shall be dispersed somewhere in the critical facility as required.  The 

STS is a 3-phase, two-position switching device which automatically transfers a load 

between two power sources, designated Primary and Alternate within 4 ms. A 

Programmable Logic Controller (PLC) is built into the STS to control the power 

transfer.

A STS has two modes of operation: static and bypass. The STS is normally in the 

static mode, while the bypass mode is only used in the extreme situation that the STS 

itself is damaged. When in the static mode, the power from both sources is routed to 

the Silicon Controlled Rectifier (SCR) module. The selected source passes through the 

SCR, while the other source is halted. If the PLC orders a transfer to the other source, 

the SCR performs the transfer without causing a significant loss of power. The transfer 

time between power sources is within 4 milliseconds as specified by equipment 

manufacturer.  Considering the impact on the critical loads, this small transfer time is 

short enough to be deemed continuous. When in the bypass mode, the SCR is 

circumvented, so a transfer causes a loss of power to the critical loads. The bypass 

mode is provided as a redundancy in the event that the SCR becomes unusable. 

The STS is associated with USHA and USHB, located in base building, and each one 

receives primary power from UDPLA-CAB and alternate power from UDPLB-CAB.  

The STS provides power to the primary side of each CPL-CAB via a CDPL. 

Note that the grounding electrode of T-UDPLA-CAB & T-UDPLB-CAB must be tied 

together as indicated on drawings since the static transfer switches are 4 pole. 
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2.3.8 CRITICAL DISTRIBUTION PANELS (CDPL) 

The Type 2B CPDS implements one CDPL-CAB to distribute power from the 

automatic static transfer switches to multiple critical panels to feed the critical loads.  

Generally, the critical panels are not fully utilized but breaker pole spaces are used up 

so these distribution panels allow additional critical panels to be added as required.  

The distribution panel is constructed using the I-Line distribution panel enclosure.  

CDPL-CAB is fed from STS.  This distribution panel is fed via a 208V automatic Static 

Transfer Switch (STS). 

2.3.9 CRITICAL & ESSENTIAL PANELS (CPL, UPL & EPL)  

The Type 2B CPDS implements three CPLs, two UPLs and one EPL to distribute 

power from the STS for critical loads (CPL), the UPS for battery backup loads (UPL), 

and the essential loads (EPL). The CPL-CABs, UPLA-CAB and UPLB-CAB are fed 

from the UPS and the EPL-CAB is fed from the essential switchboards ESHA and 

ESHB with no UPS.  All critical and essential panels are built as panelboard 

construction but with the dual main circuit breaker option and a transient voltage surge 

suppressor (TVSS) device connected to each panel, externally.  The primary side of 

the CPL-CABs is fed from the STS via a CDPL-CAB and the alternate side is fed from 

UDPLB-CAB.  For the EPL-CAB, the primary side is fed from EDPLA-CAB and the 

alternate side is fed from EDPLB-CAB.  For the UPLA-CAB, the primary side is fed 

from UDPLA-CAB and the secondary side is not connected.  For the UPLB-CAB, the 

primary side is fed from UDPLB-CAB and the secondary side is not connected. 

In a normal configuration, the primary feeder powers the panels.  When the upstream 

primary device is down for scheduled maintenance, the alternate side is energized to 

feed the loads.  This is accomplished by transferring the STS from primary to alternate 

source and using a Kirk key interlock, close the maintenance bypass breaker in the 

panel and open the main breaker.  This will allow the loads to be maintained in a 

continuous fashion.  The two panels that do not have secondary feeders will be without 

power until the primary feeder is back in service. 

2.3.10 ELECTRICAL POWER MONITORING SYSTEM (EPMS)

The Electrical Power Monitoring System (EPMS) is an Ethernet-based system that 

monitors points on switchgear, low-voltage distribution switchboards, UPS systems, 

ATSs, STSs, generators, and generator controllers. The EPMS points check for 

instantaneous events such as equipment failures or breaker trips. EPMS points also 

report trending events such as equipment degradation, out-of-normal conditions, and 

equipment out-of-range conditions detected as a trend over time. The EPMS system is 

designed to operate in a distributed processing environment. Within this environment, 

processors and other specified components time-synchronize to within one millisecond 

using an external time standard, Global Positioning System (GPS) receiver, or an 

IRIG-B time code signal to ensure an accurate sequence of events. 

The EPMS equipment is connected appropriately to the various Type 1 CPDS 

equipment using the following connections: RS-485 wiring, DCF-77 (GPS time signal 

converter) connections, GPS (RIG-B) time synch cabling, and CAT 6 Ethernet cable. 
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The EPMS communicates with each circuit breaker, microprocessor-based trip unit, 

sequence of event recorder, and various gateways on the electrical distribution 

system. The visual touch screen displays operate with a one second refresh rate. All 

digital inputs have a one-millisecond timing resolution. Each Modbus device that 

communicates serially has a timing resolution of one second. Additional analog points 

are connected to the Power Quality Meter inputs. Discrete status inputs are connected 

to a Sequence of Events recorder. 

2.3.10.1 EVENT CRITICALITY 

The EPMS system monitors the CPDS equipment using a criticality hierarchy defined 

below:

Criticality 1. Trip condition. This condition causes a circuit breaker to open, terminating 

power down stream of the tripped circuit breaker. This condition indicates equipment 

failure and an alarm sounds.  

Criticality 2. Pre-trip condition. This condition indicates equipment degradation and an 

alarm sounds. 

Criticality 3. Equipment “out-of-normal” condition. This condition indicates that a circuit 

breaker or other equipment is functioning outside of its acceptable range and is 

indicated on the appropriate video display terminal. 

Criticality 4. EPMS Trending Reports. The EPMS monitors system equipment over 

time to determine trends indicating equipment out-of-range conditions.  

2.3.10.2 EPMS SOFTWARE 

The EPMS server software uses a Microsoft Windows-based platform and has online 

full screen editing to facilitate the programming and monitoring of the system. The 

software has an online help system showing all descriptions, tables, and screens of 

EPMS operation. 

The power management servers, workstations, and web-based client locations monitor 

vital system parameters and provide a scaleable system for future expansions without 

replacement of the EPMS system hardware or software. 

Diagnostics provide information on communication failures and configuration data 

mismatches.

EPMS software takes incoming monitored data and performs mathematical and logical 

operations for control, viewing, logging or alarms.  

The EPMS screens show all parameters that are available from the individual 

equipment, including metered values, load status, alarm status, energy data, normal 

device state, equipment position, equipment status, equipment data logs, waveform 

capture, and sag/swell events. 



Design Guidelines—Type 2A & 2B Limited Space CPDS  July 11, 2008 

FAA Power Services Group, CPDS Program Office  Section 2 CPDS Description 

  2-15 

2.3.10.3 EPMS HARDWARE 

EPMS hardware components are used in the distributed processing environment and 

maintain in memory a permanent time-stamped event log supporting at least 1000 

events for database reconstruction. Each component has a 100 BaseT Ethernet 

connection. 

The following paragraphs provide a physical description and functional description of 

the EPMS hardware. 

2.3.10.3.1 AGGREGATING SWITCH CABINET 

A typical EPMS aggregating switch cabinet is 24 inches wide by 84 inches high and 36 

inches deep. Mounted in the aggregating switch cabinet are the EPMS primary server, 

a server monitor, the GPS system, a dedicated UPS and, if the equipment-to-switch 

distances are less than 328 feet, Ethernet switches. However, if Ethernet equipment-

to-switch distances are greater than 328 feet, horizontal cabinets will be required. 

Connections between the aggregating switches, servers, and the workstation are CAT 

6 CFCI ¾ inch conduit. 

2.3.10.3.2 WORKSTATION 

An operator workstation and video display terminals (VDT) provide a graphic user 

interface for operators to perform system monitoring. The workstation and VDTs have 

access to information provided by the power monitoring devices for centralized data 

display, data logging, alarming, event recording, and other monitor and control 

functions. Both the workstation and VDTs can monitor the CPDS at the same time.  
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2.4 RELATIONSHIP OF UNITS  

A block diagram representing the Type 2A and 2B CPDS subsystems is shown in the 

Figure below. This illustration does not include the EPMS System. The equipment is 

identified by their respective designations. The illustration depicts the subsystems, the 

basic interconnections between units, and their relationship with other equipment. 

Relationship of Units 
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SECTION 3 DESIGN IMPLEMENTATION REQUIREMENTS  

This section provides the requirements for effective implementation of the Type 2A and 

2B Limited Space CPDS at the intended site.  Designer shall refer to TI 6480.3, 

Interface Requirement Document (IRD) for additional information and requirements for 

all equipment sizing. 

3.1 CODES AND STANDARDS  

The Design Engineer shall be familiar with the FAA documents that regulate the CPDS 

implementation, as listed in Section 1.6 and as specified by the Regional Office. The 

Design Engineer is also responsible for ensuring that the Facility and the CPDS are 

designed in accordance with all applicable local codes.  

3.2 DRAWING INFORMATION  

The Design Engineer shall be familiar with the design information contained in the 

Type 2A and 2B Limited Space CPDS engineering drawings.  This information is 

briefly described in the sections below.  

The CPDS One-Line diagrams are provided in drawings E420LSA and E420LSB, 

which contains all the components of the Type 2A and 2B Limited Space CPDS to be 

incorporated into the facility design.  It is noted that the 480V distribution portion of the 

CPDS is 3 wire except there are two panelboards in the tower that are 4 wire.  The 

Design Engineer shall add isolation transformers as needed to serve 480Y/277V, 4 

wire loads in the base building and step down transformers for miscellaneous 

208Y/120V loads.

The reference drawings shall be reviewed by Design Engineer to incorporate all design 

aspects and adapted to each site as applicable.  These reference drawings shall be 

used by the design engineer to develop equipment layouts, grounding, signage, fuel 

systems, etc. 

3.2.1 GROUNDING  

The Design Engineer shall employ standard IEEE practices for the grounding design of 

CPDS equipment in coordination with FAA STD-019e. 

3.2.2 SEISMIC CONSIDERATIONS  

Anchoring and raceway bracing to meet the seismic zone that the facility is located in 

shall be determined by its location.  All seismic details shall be approved by a licensed 

structural engineer. 

3.2.3 EQUIPMENT LAYOUT AND SPACE ALLOCATION  

CPDS equipment shall be laid out in the facility and equipment rooms assigned by 

FAA in coordination with recommended layout and spacing requirements shown on 

Type 2 Limited Space drawing E120LS, which is used for reference only.  The layout 
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shown on E120LS is a guide only and exact dimensions required shall be validated by 

the design engineer.  The equipment shall be located to minimize voltage drops. The 

Design Engineer shall use good engineering practice, manufacturer’s shop drawings 

and recommendations to properly layout equipment.  

3.2.4 TRANSIENT VOLTAGE SURGE SUPPRESSION 

The designer shall perform a transient analysis to evaluate the location of additional 

TVSS devices throughout system.  Currently, TVSS devices are located on the two 

main incoming service disconnects and all CPL, EPL and UPL panelboards.  These 

are minimum requirements.  Due to facility layout, TVSS devices could also be located 

on the UPS input and output switchboards.  Designer shall coordinate all locations with 

FAA.

3.3 FACILITY LOADS  

The sections provided below describe the requirements for implementing critical, 

essential, and non-essential loads within the facility.  

3.3.1 CRITICAL LOADS  

All electronic loads that the FAA has certified as critical shall be connected to the 

critical power system. The Regional Office will provide the Design Engineer with a list 

of all the facility’s critical loads. Refer to FAA Order 6480.7C for additional information 

on critical loads.  

Critical branch circuit power panels shall be rated as 225A, 208Y/120V, 10KAIC, dual 

main breaker, forty two 20A-1-pole bolt-on breakers.  Critical branch circuit panels 

shall be connected to STSs via CDPLs as shown on the Type 2A and 2B CPDS One-

Line diagram.  For panelboard UPLA-CAB and UPLB-CAB, located in the tower, these 

panels are not fed by STS but are backed up by UPS. 

Each critical load shall be connected to the nearest panel to compensate for voltage 

drop and shall be properly balanced. 

3.3.2 ESSENTIAL LOADS  

All feeders as shown on the CPDS One-Line diagrams shall serve essential loads.  All 

essential loads shall be supported by either generator, without load shedding.  Refer to 

FAA STD 6480.7C for additional information on essential loads.  

Essential branch circuit power panels shall be rated a minimum of 225A, 208Y/120V, 

10KAIC, dual main breaker, and bolt-on branch breakers.  Panels shall connect to the 

appropriate power source as shown on the Type 2A and 2B Limited Space CPDS One 

Line diagram.  Each essential load shall be connected to the nearest panel to 

compensate for voltage drop and shall be properly balanced. 

The intent of the electrical power distribution design for the essential HVAC equipment 

(i.e. all motors, fans, controls, etc, necessary to serve the critical load) is that all 

essential HVAC equipment shall have redundant components and fed from alternate 
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power paths.  If redundant equipment is not provided, the design engineer shall 

provide automatic transfer switches (ATS) as necessary to assure two power paths to 

any essential HVAC equipment components which are not redundant. 

3.4 EQUIPMENT SIZING  

The CPDS One-Line diagram shows the maximum range of sizes for the UPSs and 

the GENs. If it is determined that smaller sizes are appropriate to support the facility 

load, the Design Engineer shall contact the CPDS Program Office for the necessary 

shop drawings. The maximum number of CPDS sub-systems (Essential & Critical 

Panels, STSs, etc) are also shown on the CPDS One-Line diagram.  

3.4.1 UTILITY TRANSFORMER SIZING  

The utility transformers shall be sized using the demand factors given in CPDS Load 

Evaluation and Demand Factors section of this document.  Each transformer shall be 

sized to carry the entire load if one transformer fails. 

3.4.2 UPS SIZING  

Once the Regional Office provides a listing of all critical equipment to be connected to 

the critical power system, each UPS shall be sized to support this load at a 100% 

demand factor.  Each UPS unit shall be of sufficient size to enable it to independently 

carry the total critical load requirements for the facility.  The maximum load for each 

UPS should be designed around is 90% red-line. Each UPS system shall be sized to 

carry the entire load if one UPS fails.  

3.4.3 GENERATOR SIZING 

Generators shall be sized to carry the facility’s combined essential and critical loads. 

The generator shall be sized based on load analysis using the mechanical and 

electrical demand factors provided in Section 3.6.5 of this document.  Each generator 

shall be sized to carry the entire load if one generator fails. 

3.4.4 LOAD BANK SIZING  

The Load Banks for the generators and UPSs shall be sized to match the generator 

and UPS ratings respectively. 

3.5 SUBSYSTEM QUANTITIES  

The Design Engineer shall determine the appropriate quantity of HVAC equipment and 

critical and essential panels as required to accommodate the necessary loads at the 

facility.  The current one line diagrams do not indicate any HVAC requirements.  The 

minimum quantities of each electrical subsystem is shown section 2 and/or the CPDS 

One-Line diagrams. 
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3.6 GENERAL CPDS DESIGN CRITERIA  

3.6.1 BREAKER QUANTITIES AND SIZES 

The minimum quantity of the breakers are indicated on the single line diagrams.  The 

Design Engineer must allocate each load to the appropriate breaker.  If additional 

breakers are needed for other loads, add breakers as required to accommodate 

additional loading.  For I-Line distribution panels, the PJ frame breakers, need 9” of 

mounting space per breaker and the  LE frame breakers, need 7.5” of mounting space.  

The PJ and LE breakers are used in different areas based on power monitoring 

requirements.  For QED 2 style breakers, see Sq D shop drawings for additional 

information.

3.6.2 FEEDER CIRCUIT SIZING AND LOCATION

Feeder circuits between CPDS equipment shall be sized according to the NEC version 

specified by the Regional Office. Where possible, raceways between government 

furnished equipment shall be located under slab. 

3.6.3 BREAKER TRIP SETTINGS  

Adjustable circuit breakers shall be set to coordinate with the characteristics of the 

load served, and also with upstream/downstream devices, where attainable. Refer to 

Section 3.9.4 for additional information.  

3.6.4 SWITCHBOARD OR DISTRIBUTION PANELS 

Designer shall evaluate the use of QED 2 or I-Line equipment construction based on 

available space in the facility.  Single line diagrams indicate which type of construction 

is the preferred method.   Coordinate all requirements with FAA. 

3.6.5 LOAD EVALUATION AND DEMAND FACTORS 

The Design Engineer shall evaluate the loads connected to branch circuit panels in 

accordance with NEC.  As these panels interface with CPDS equipment, the designer 

shall again evaluate loads at that level, utilizing demand factors as it works its way up 

to the switchgear, in order not to oversize the utility transformers and generators. 

The following is a brief list of demand factors to be used in load evaluation:  

Mechanical Load Demand Factors  

Worst case season condition – summer  

All air conditioning equipment – 100% demand  

All back-up/redundant equipment – 0% demand  

Elevators – NEC required demand factor based on number of elevators  

Pumps – 50% demand

Exhaust fans – 100% demand  
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All winter heating load – 0% demand  

Electrical Load Demand Factors  

Lighting – 100% demand  

Receptacle – First 10KVA 100% demand, remainder at 50% 

Critical Load – 100% demand (value provided by Regional Office)  

Kitchen Load – 50% demand  

Vacuum System – 10% demand

3.6.6 EQUIPMENT PHYSICAL DATA  

Physical information (e.g.: size, weight, bus/breaker configuration, maximum cable lug 

size) of equipment can be found in the manufacturer’s engineering shop drawings 

provided in the Appendix.

3.7 EPMS DESIGN CRITERIA AND EQUIPMENT LOCATIONS 

3.7.1 EPMS DESIGN CRITERIA 

3.7.1.1 EPMS SYSTEM COMPONENTS 

The following components make up the electrical Power Monitoring System: 

Server

Switch

GPS receiver 

Workstation 

UPS at EPMS rack (The UPS is sized to power the server, switches, 

monitor, and GPS receiver) 

Electrical distribution monitoring devices (Trip Units, PQMs and SERs) 

Visual Display Terminals (VDT) 

3.7.1.2 EPMS SYSTEM DESIGN GUIDELINES 

3.7.1.2.1 DISTANCES REQUIRMENTS 

The distances with-in the base building may be able to be connected with only 

Ethernet cable. This is possible as long as the length of the Ethernet cable is less then 

300 ft. For those locations where the distances are in excess of 300 ft, an Ethernet 

repeater may be used.  The connection to the CAB is best served by fiber optics due 

to the quantity of network cables running to that location. 

3.7.1.2.2 SER AND PQM CONNECTION QUANTITY LIMITATIONS 

The reconstruction of cascading events is made possible by monitoring the positions of 

the circuit breakers in the power distribution system and assigning a time to each 
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change of state (Tripping). Time resolution of 1ms is achieved with the use of the 

SERs and PQMs incorporated in this prototype system design. 

Each SER has 32 digital inputs and each PQM has 12 digital inputs. These inputs are 

used to sense either one or both of the dry contact closures (Open/Close or Tripped) 

from individual circuit breakers. Within boards containing PQMs, such as ESHA, the 

PQM is used to pick up tripped conditions.  The PQM uses these digital inputs as 

triggers to create a wave form capture. UPS bypass contacts are also connected to a 

digital input on the PQM to trigger a wave form capture. 

3.7.1.2.3 USE OF THE VDTS 

The VDTs allow technicians to monitor the EPMS at locations throughout the facility.  

There should be a VDT available for each power path in each room containing CPDS 

equipment in the base building. If multiple switchboards are adjacent to each other and 

serving the same power path, a single VDT may be used. The workstation is also an 

EPMS interface and can used instead of a VDT in the room in which it is located. 

3.7.1.2.4 ADDING BREAKERS 

The design shown represents the minimum use of monitoring equipment. If additional 

breakers are added, the quantity of available digital inputs must be examined. Keep in 

mind that the PQM is used to monitor tripping events in order to trigger waveform 

capture.  If the breakers to be added don't require monitoring, they can be added 

without impacting the monitoring equipment. 

3.7.1.2.5 POWERING EPMS LOCATED IN POWER DISTRIBUTION BOARDS 

Power for EPMS equipment located in power distribution boards is evenly distributed 

among multiple critical panelboards (CPLs). This arrangement ensures that maximum 

system monitoring is available even if one of these critical panelboards fails or is out of 

service. Each electrical distribution board that contains EPMS equipment is fed by a 

dedicated circuit from one of these panelboards. 

3.7.2 EPMS EQUIPMENT LOCATIONS 

3.7.2.1 SEQUENCE OF EVENTS RECORDERS (SERS) 

EPMS sequence of events recorders are connected to the GPS receiver by GPS 

(IRIG-B) Time Synch cable and to the EPMS horizontal cabinets by CAT 6 Ethernet 

cable. In addition, some SERs are connected to contacts on other equipment by circuit 

breaker-to- contact connections. Sequence of events recorders synchronize events to 

within one millisecond using an external time standard and are located on the following 

equipment:

Path A high-voltage Generator switchboard GSHA, 

Path B high-voltage Generator switchboard GSHB, 

Path A high-voltage essential input switchboard ESHA, 
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Path B high-voltage essential input switchboard ESHB, 

Path A high-voltage essential input switchboard for CAB ESHA-CAB, 

Path B high-voltage essential input switchboard for CAB ESHB-CAB, 

Path A high-voltage UPS switchboard USHA,  

Path B high-voltage UPS switchboard USHB, 

Path A high-voltage essential distribution switchboard EDSHA,, 

Path B high-voltage essential distribution switchboard EDSHB, 

Path A low-voltage essential distribution switchboard. EDSLA, 

Path B low-voltage essential distribution switchboard. EDSLB, 

Low-voltage maintenance switchboard UDSLM, 

High-voltage load bank switchboard LBSH, 

Path A low-voltage critical distribution switchboard UDSLA,, 

Path B low-voltage critical distribution switchboard UDPLB,  

One wall mounted enclosure in the base building, and 

One wall mounted enclosure in the CAB. 

Each Sequence of Events recorder has 32 digital I/O points and an event memory with 

a capacity of 8,000 events. The recorders use 10/100 BaseT Ethernet to support 

Modbus TCP as well as RS-232/RS-485 programmable baud rates. 

3.7.2.2 VIDEO DISPLAY TERMINALS (VDT) 

EPMS video display terminals are connected by CAT 6 Ethernet cable to the EPMS 

horizontal cabinets and are located on the following equipment: 

Path A service entrance disconnect SESHA, 

Path B service entrance disconnect SESHB, 

Path A high-voltage Generator switchboard GSHA, 

Path B high-voltage Generator switchboard GSHB, 

Path A high-voltage essential switchboard ESHA, 

Path B high-voltage essential switchboard ESHB, 

Path A high-voltage UPS switchboard USHA. 

Path B high-voltage UPS switchboard USHB, 

High-voltage load bank switchboard LBSH, 

Path A low-voltage critical distribution switchboard UDSLA, and 

Path B low-voltage critical distribution switchboard UDSLB. 

The Industrial PC VDTs are used with client software to provide a refresh rate of  1 

second. Each Industrial PC VDT uses an analog resistive touch screen, has 1024 x 
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768 resolution with 256 colors, Windows, a hard drive, a 10/100 BaseT Ethernet 

connection and is 24 VDC. 

3.7.2.3 POWER QUALITY METERS (PQM) 

The power quality meters time-synchronize to within one millisecond using an external 

time standard. They are connected to the EPMS Horizontal Cabinets by CAT 6 

Ethernet cables. In addition, they are connected by RS-485 wiring to other equipment. 

The PQMs are located on the following equipment: 

Path A high-voltage essential switchboard ESHA, 

Path B high-voltage essential switchboard ESHB, 

Path A high-voltage UPS switchboard USHA, 

Path B high-voltage UPS switchboard USHB, 

Critical panelboards CPL1, CPL2, CLP3, CPL4, CPL5 and CPL6, and 

Critical distribution panelboard UPLA-CAB, UPLB-CAB, andCPL-CAB. 

Each power quality meter has a detection rate of 256 samples per second minimum 

and uses sixteen programmable oscillographic waveform recorders. Each has four 

voltage inputs that measure from 0 to 347 voltage root-mean-square (Vrms) (line-to-

neutral) or from 0 to 600 Vrms (line-to-line). PQMs each have four current inputs that 

measure up to 20A Vrms (600 Vrms maximum voltage). Each PQM has eight MB of 

memory and uses 10/100 BaseT Ethernet to support Modbus TCP and RS-232/RS-

485 programmable baud rates. The Ethernet port options support simultaneous 

communication to the meter and gateway capability to other RS-485 devices on the 

network by way of the meter’s RS-485 ports. 

3.7.2.4 GLOBAL POSITIONING SYSTEM (GPS) 

The global positioning system (GPS) DCF-77 time signal converters are connected to 

the EPMS GPS time synchronization .signal receiver by IRGB CAT 6 Ethernet cables. 

These time signal converters are located on the following equipment: 

Path A high-voltage essential switchboard ESHA, and 

Within the EPMS distributed processing environment, processors and other specified 

components time-synchronize to within one millisecond using the GPS receiver.  

3.7.2.5 EGX-400 GATEWAYS 

EGX-400 gateways allow equipment provided with RS-485 wiring to be connected to 

CAT 6 Ethernet cabling to permit data transfer to the EPMS. EGX-400 Gateways are 

factory installed on the following equipment: 

Path A high-voltage Generator switchboard GSHA, 

Path B high-voltage Generator switchboard GSHB, 

Path A high-voltage essential switchboard ESHA, 

Path B high-voltage essential switchboard ESHB, 
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Path A high-voltage essential switchboard for CAB ESHA-CAB, 

Path B high-voltage essential switchboard for CAB ESHB-CAB, 

Path A high-voltage UPS switchboard USHA, 

Path B high-voltage UPS switchboard USHB, 

Path A low-voltage UPS Critical distribution switchboard UDSLA,  

Path B low-voltage UPS Critical distribution switchboard UDSLB, and 

Path A high-voltage UPS Critical distribution switchboard UDSHA-CAB. 

3.8 EPMS POINTS SUMMARY 

The EPMS system monitors points for switchgear, low-voltage distribution 

switchboards, UPS system, automatic transfer switches without maintenance bypass, 

generators, and generator controllers. 

3.8.1 SWITCHGEAR & I-LINE POINTS 

Switchgear and I-Line panelboards are factory-wired to terminal strips in a dedicated 

termination section. Metering accuracy class current transformers (CTs) are supplied 

as required by the manufacturer. Switchgear/I-Line points monitor the following 

conditions: 

High-speed sag/swell detection of voltage disturbances, 

High-speed voltage transient detection, capture and recording, 

Harmonics calculations for all phase currents and phase-to-neutral or 

phase-to-phase voltage up to the 128th harmonic, 

Total harmonic distortion up to the 128th harmonic for all phase currents 

and phase-to-neutral or phase-to-phase voltages, 

K-factors calculation for all phase currents, 

Bus voltage, 

Bus current, 

Hard wired protective relays unless the serial interface is capable of a one 

millisecond time stamp, 

Open, closed, tripped, and withdrawn (hard wired) circuit breakers, 

Circuit breaker serial interface points (available per manufacturer) for daisy 

chain RS-485 wiring, 

Blown fuse (hard wired), 

Transient Voltage Surge Suppressor (TVSS) summary alarm (hard wired), 

Loss of control power (hard wired). 
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3.8.2 PANELBOARD POINTS 

Lighting and appliance, power distribution, feeder distribution, and service equipment 

panelboards are factory wired to terminal strips in a dedicated termination section. 

Metering accuracy class CTs are supplied as required by the manufacturer. 

CPL panelboard points monitor the following conditions: 

Open and closed (hard wired) condition of the main circuit breaker, 

Open and closed (hard wired) condition of the alternate main circuit 

breaker.

EPL panelboard points monitor the following conditions: 

Open and closed (hard wired) condition of the main circuit breaker, 

Open and closed (hard wired) condition of the alternate main circuit 

breaker.

3.8.3 UPS SYSTEM POINTS 

Serial interface points are available per manufacturer (daisy chain – RS-485 wiring) for 

the UPS system. 

Serial interface points monitor the following conditions: 

High-speed sag/swell detection of voltage disturbances, 

High-speed voltage transient detection, capture and recording, 

Harmonics calculations for all phase currents and phase-to-neutral or 

phase-to-phase voltages up to the 128th harmonic, 

Total harmonic distortion up to the 128th harmonic for all phase currents 

and phase-to-neutral or phase-to-phase voltages, 

K-factors calculation for all phase currents, 

Bus voltage, and 

Bus current. 

3.8.4 AUTOMATIC TRANSFER SWITCHES WITHOUT MAINTENANCE BYPASS 
POINTS

Serial interface points are available per manufacturer (daisy chain – RS-485 wiring) for 

Automatic Transfer switches without maintenance bypass. The serial interface points 

monitor the following conditions: 

On Normal, 

On Emergency, and 

Generator Start. 
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3.8.5 STATIC TRANSFER SWITCH POINTS 

Serial interface points are available per manufacturer (daisy chain – RS-485 wiring) for 

the Static Transfer switches. The serial interface points monitor the following 

conditions:

Input source energy consumption, 

Input source power conditions, 

Input source voltage conditions, 

Input source phase conditions, 

Input source power demand, 

Device communications, 

Source useability, 

Out-of-phase alarm, 

Isolation breaker conditions, and 

Bypass breaker conditions. 

3.8.6 GENERATORS AND GENERATOR CONTROLLER POINTS 

Generators and generator controllers use digital points as available per manufacturer 

(hard wired), analog points as available per manufacturer (hard wired), serial interface 

points as available per manufacturer, if available (daisy chain – RS-485 wiring) and 

programmable logic controllers (daisy chain – RS-485 wiring).  These monitor all 

switch positions, PLC routines, and PLC diagnostic points. 

3.9 STUDY REQUIREMENTS AND ASSUMPTIONS  

The Short Circuit, Load Flow, and Protective Device Coordination studies shall be 

developed in accordance with the information provided in the sections below.  

3.9.1 GENERAL  

The Load Flow study, the Short Circuit study, and the Protective Device 

Coordination study shall be developed using the EDSA software 

application.  Samples are provided in the Appendix but it is in SKM Power 

Tools format.

The Load Flow study shall provide loading with associated voltage drop at 

various points on the power system, and assure that all of distribution 

equipment and all circuits have been properly sized to avoid overloading.

The Short Circuit study and Protective Device Coordination study shall 

provide the maximum available fault at various points on the power system 

and verify that each piece of distribution equipment has a sufficient short 

circuit rating. See Appendix for more information  

The Protective Device Coordination study shall provided circuit breaker 

settings and demonstrate coordination of all devices in accordance with 

FAA Order 6950.27.  
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The circuit breaker settings shown on the One-Line diagram submitted in 

the Design Engineer’s Final Design Package shall match the settings 

shown in the Protective Device Coordination study’s Circuit Breaker 

Settings table.

3.9.2 SOFTWARE APPLICATION FOR STUDY CALCULATIONS

EDSA Release 2.95 or higher is the only software application accepted by FAA to be 

used in the Load Flow study, the Short Circuit study, and the Protective Device 

Coordination study.  A sample study is provided but it is in SKM Power tools software.   

3.9.3 SOURCE OF DATA  

Engineering Data – Facility load and equipment ratings shall be obtained 

from design documents.

Utility Data – The available fault shall be obtained from the local utility on 

either the primary or the secondary side of the utility transformer. If on the 

primary side, the utility transformer impedance (Z) and X/R shall also be 

obtained.

Installation Data – Cable lengths, sizes, and quantity per phase shall be 

obtained from site specific design documents provided by Engineer.  

EDSA Data – Cable, circuit breaker, fuse, and switch impedance data shall 

be obtained from EDSA’s library. 

3.9.4 PROTECTIVE DEVICES

The following information describes the FAA’s Philosophy for Setting Protective 

Devices:  

Series Protective Devices – Protective devices connected in series do not 

require coordination since the same outage results if any series device 

opens.

Main-Tie-Main Breakers – Tie breakers shall be set the same as main 

breakers (set to overlap). This approach assures that downstream devices 

coordinate as required by FAA Order 6950.27. Faults generally occur at the 

load, so the probability of overlapping faults (second order cut-set) in main 

distribution equipment (i.e.: loss of source to one main and a main bus fault 

occurring simultaneously) is extremely low.  

Feeder Breakers – Feeder breakers shall be set to coordinate with 

upstream main protective devices where attainable.  

Transformer Protection – Primary protective devices shall be set to avoid 

opening upon transformer energization (inrush). Secondary protective 

devices shall be set to protect transformers against over-currents (down 

stream overloads and faults).  
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Branch Breakers – Non-adjustable branch breakers do not require 

coordination with upstream protective devices, except on the Critical 

Circuit. Since the Critical Circuit requires full coordination, the upstream 

step-down transformer is specified at an impedance value which limits 

available fault in order to provide branch breaker coordination with 

upstream feeder/main device. Also, upstream feeder/main devices have 

been specified at larger frame/sensor sizes to increase instantaneous 

pickup, which aids in obtaining coordination.  

Hi-Low Fixed Magnetic Breakers – All fixed magnetic breakers with Hi-Low 

adjustment shall be set to Hi in EDSA PDC study cases.  

In keeping with IEEE recommendations, the Short Circuit System model should be 

developed at the earliest possible stage of the design, so that variations in circuit size 

and length can be implemented efficiently and in a timely manner to correct withstand 

and coordination problems.
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APPENDIX A—ACRONYMS AND ABBREVIATIONS 

Acronym/Abbreviation Definition  

A  AMPERE  

AA  AMBIENT AIR  

AC ALTERNATING CURRENT  

A/C AIR CONDITIONING  

AF  AMPERE FRAME  

AI ANALOG INPUT  

AIC  AMPERE INTERUPTING CAPACITY  

ALT  ALTERNATE  

ANSI  AMERICAN NATIONAL STANDARDS INSTITUTE  

AT  AMPERE TRIP  

ATS  AUTOMATIC TRANSFER SWITCH  

AUX  AUXILLIARY  

AVG  AVERAGE  

AWG  AMERICAN WIRE GAUGE  

AX  AMPERE RATING PLUG  

BATT  BATTERY  

BC BARE COPPER  

BD  BUS DUCT  

BI BYPASS INPUT  

BKR BREAKER  

BLDG  BUILDING  

BP III  BALANCED POWER III  

BTU  BRITISH THERMAL UNIT  

CAT  CATEGORY  

CB CIRCUIT BREAKER  

CCP  CRITICAL CONTROL POWER  

CFG  CONFIGURATION  

CHG  CHARGER  

CM  CIRCUIT MONITOR  

COMM  COMMUNICATIONS  

COTS  COMMERCIAL OFF THE SHELF  

CPDS  CRITICAL POWER DISTRIBUTION SYSTEM  

CPL CRITICAL POWER PANEL 

CPT  CONTROL POWER TRANSFORMER  

CT  CURRENT TRANSFORMER  

CTR  CENTER  

CU FT  CUBIC FEET  

D  DIGITAL  

DB  DECIBEL  

DBL DOUBLE  

DC DIRECT CURRENT  
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Acronym/Abbreviation Definition  

DI DIGITAL INPUT  

DIA  DIAMETER  

DISC DISCONNECT  

DIST DISTRIBUTION  

DPC  CRITICAL DISTRIBUTION PANEL  

DPE  ESSENTIAL DISTRIBUTION PANEL  

DPN  NON-ESSENTIAL DISTRIBUTION PANEL  

DO  DIGITAL OUTPUT  

DS DISCONNECT SWITCH  

DWG  DRAWING  

EA  EACH  

ECMS  ENVIRONMENTAL CONTROL AND MONITORING SYSTEM

EG  ENGINE GENERATOR  

ELEC  ELECTRIC  

ELEM  ELEMENTARY  

ELEV  ELEVATION  

EMCC  ESSENTIAL MOTOR CONTROL CENTER  

ENCL ENCLOSURE  

EPA  ENVIRONMENTAL PROTECTION AGENCY  

EPO  EMERGENCY POWER OFF  

EQUIP EQUIPMENT  

EST  ESTIMATE  

EXT  EXTERIOR  

FA FORCED AIR  

FAA  FEDERAL AVIATION ADMINISTRATION  

FDR  FEEDER  

FLA  FULL LOAD AMPERES  

FT FEET  

FVNR  FULL VOLTAGE NON-REVERSING  

FWD  FORWARD  

GA  GAUGE  

GEN  ENGINE GENERATOR  

GFE  GOVERNMENT FURNISHED EQUIPMENT  

GFI  GROUND FAULT INTERUPTER  

GFM  GOVERNMENT FURNISHED MATERIAL  

GND  GROUND  

GOVT  GOVERNMENT  

HP HORSEPOWER  

HT  HEIGHT  

HTR HEATER  

HVAC  HEATING, VENTILATING, AND AIR CONDITIONING  

HZ HERTZ  

I/O  INPUT/OUTPUT  
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Acronym/Abbreviation Definition  

IAW  IN ACCORDANCE WITH  

IC INTEGRATED CIRCUIT  

ILS  INTEGRATED LOGISTICS SUPPORT  

IN INCH  

INSTR INSTRUMENT  

INT INTERIOR  

JB JUNCTION BOX  

JCT  JUNCTION  

KCM KILO-CIRCULAR MIL  

kVA  KILO-VOLTS AMPERE  

KW KILOWATT  

L LENGTH  

LAT  LATERAL  

LBS POUND  

LDP  LOAD BANK DISTRIBUTION PANEL  

LH LEFT HAND  

MAINT  MAINTENANCE  

MAX  MAXIMUM  

MCC  MOTOR CONTROL CENTER  

MCM  MILLI-CIRCULAR MIL  

MCS  MOLDED CASE SWITCH  

MECH MECHANICAL  

MED  MEDIUM  

MFR MANUFACTURER  

MIN  MINIMUM  

MISC MISCELLANEOUS  

MM  MILLIMETER  

MOD  MODIFY, MODIFICATION  

MTBF  MEAN TIME BETWEEN FAILURE  

MTD  MOUNTED  

MTM  MAIN - TIE - MAIN (CIRCUIT BREAKERS)  

MTTR  MEAN TIME TO REPAIR/RESTORE  

N  NEUTRAL, NORTH  

N/A  NOT APPLICABLE  

NEC  NATIONAL ELECTRIC CODE  

NEG  NEGATIVE  

NEMA  NATIONAL ELECTRICAL MANUFACTURERS' ASSOCIATION  

NEMCC  NON-ESSENTIAL MOTOR CONTROL CENTER  

NESB NON-ESSENTIAL SWITCHBOARD  

NFG  NOT FUNCTIONALLY GOOD  

NFPA  NATIONAL FIRE PROTECTION ASSOCIATION  

NI NORMAL INPUT  

NOM  NOMINAL  
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Acronym/Abbreviation Definition  

OD  OUTSIDE DIAMETER  

OWS OPERATOR WORKSTATION  

PC PERSONAL COMPUTER  

PDU  POWER DISTRIBUTION UNIT  

PF POWER FACTOR  

PH PHASE  

PLC  PROGRAMMABLE LOGIC CONTROLLER  

PMCS  POWER MONITORING AND CONTROL SYSTEM  

PNL  PANEL  

POS  POSITIVE  

PSG PARALLELING SWITCHGEAR  

PSI  POUNDS PER SQUARE INCH  

PT  POTENTIAL TRANSFORMER  

PWR  POWER  

PZ   POWER ZONE  

QTY  QUANTITY  

REF REFERENCE  

REV  REVISION  

RH RIGHT HAND  

RIO  REMOTE INPUT OUTPUT  

RM  ROOM  

RPM  REVOLUTIONS PER MINUTE  

SA SURGE ARRESTER  

STS  STATIC TRANSFER SWITCH  

SB SWITCHBOARD  

SCHED  SCHEDULE  

SECT  SECTION  

SG SWITCHGEAR  

SGL SINGLE  

SOW  STATEMENT OF WORK  

SPEC  SPECIFICATION  

SQ SQUARE  

SQ FT  SQUARE FEET  

STA  STATION  

SW  SWITCH  

T  TRANSFORMER  

TBD  TO BE DETERMINED  

TEMP  TEMPERATURE  

THD  TOTAL HARMONIC DISTORTION  

TMDE  TEST MEASUREMENT AND DIAGNOSTICS EQUIPMENT  

TRACON  TERMINAL RADAR APPROACH CONTROL  

TVSS  TRANSIENT VOLTAGE SURGE SUPPRESSOR  

TYP  TYPICAL  
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Acronym/Abbreviation Definition  

UL UNDERWRITERS LABORATORIES  

UPS  UNINTERRUPTIBLE POWER SYSTEM  

V  VOLT/VOLTAGE  

VM  VOLT METER  

W  WATT  

WBS  WORK BREAKDOWN STRUCTURE  

WT WEIGHT  

Z IMPEDANCE  
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APPENDIX B—REPORT TEMPLATE FOR STUDIES 

This appendix provides a report template for the Short Circuit, Load Flow, and 

Protective Device Coordination studies. This sample is provided in SKM Power Tools 

but Engineer shall provide studies in EDSA format.  An electronic copy of the report 

template shall be made available with the Design Guidelines.   



May 1, 2006 TI 6480.3, CPDS

CPDS Type 1 Coordination Studies

Volume 1, Part 4, Book 1   1

Coordination Study Overview 

Overview 

The objective of this short circuit study is to establish typical equipment interrupting 

ratings in order to establish a basis of design for the Type 1 Critical Power Distribution 

System (CPDS). The results of the short circuit study are used to validate equipment 

ratings selected and shown. 

The coordination study is performed to determine optimal selectivity settings for the 

adjustable trip breakers specified herein. 

Purpose

Overload and short circuit conditions occur in every electrical power distribution 

system.  Protective devices are used to detect these abnormal conditions and take 

appropriate action.  The distribution system relays, fuses and circuit breakers protect 

personnel, equipment and property under high current conditions. When properly set 

and calibrated, they selectively operate to remove the cause of the overcurrent 

condition at the device closest to the fault. 

The purpose of the protective device coordination study is to determine proper device 

settings so that the protective devices operate as an integrated system and respond 

appropriately to system disturbances while still maintaining the required level of 

protection and selectivity.  Selectivity is achieved between devices when certain time 

and current intervals (sometimes referred to as margins) are maintained between the 

protective devices from the power source to the fault location, so that the device 

closest to the fault operates first. 

The purpose of the short circuit study is to determine the levels of current that flow 

through the system under fault conditions. These fault levels are compared to 

equipment interrupting capability to verify that devices are properly applied to clear the 

short circuit currents calculated without catastrophic failure. 

System Description 

The normal, emergency, and critical power distribution systems of a Type I CPDS are 

modeled using the single line drawing for the corresponding designs as shown on 

drawing E410. In order to establish worst-case fault currents, it is assumed that the 

systems are operating with utility power from any and all utility sources. All available 

generators are assumed to be operating to establish fault currents for switchboard 

GSHB and load bank LBHG. 

Assumptions

The following assumptions are made in the modeling of the systems in order to be as 

widely applicable as possible while maintaining reasonable design constraints. 
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The available fault current for the utility source for a Type I CPDS is assumed to be 

65,000A symmetrical for three phase faults and 22,000A for single line-to-ground 

faults.

In order to obtain worst-case fault currents, it is assumed that the UPS is in bypass 

mode while on utility input power. 

It is assumed that 60% of the full load capacity of the ESHA and ESHB switchboards is 

comprised of induction motors to model motor contribution to the available short circuit 

currents.

Typical, permanent magnet-excited, synchronous generator-machine constants are 

utilized to develop the generator fault currents and decrement curves. 

Time-Current Curves 

Plots of protective device time-current curves (TCC) are prepared to illustrate selective 

coordination. Included in each TCC plot is the corresponding curves of the devices and 

a simplified single-line diagram illustrating the circuit for which protective device 

characteristic curves are shown. The following TCC plots are included: 

TCC Plot Description 

ESHA_U Incoming service, utility power to ESHA 

ESHA_G Facility power on generator, generator to ESHA 

EDSLA Power to EDSLA 

UPSA_IN_U UPSA on incoming utility power 

UPSA_IN_G UPSA on incoming generator power 

UPSA_BP_U UPSA on bypass utility power 

UDSLA Power to UDSLA 

UDSLA_GBP UDSLA on generator bypass power 

SES-GFP Service entrance switch with ground fault protection 

Summary Results and Settings Tables. 

The summary short circuit current tables, suggested trip settings for the adjustable low 

voltage circuit breakers, time current curves and comprehensive reports follow this 

page.
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CPL1-M         ================ INI.    RMS   SYSTEM BRANCH FLOWS ( AMPS ) ===================

                                FIRST BUS FROM FAULT    AT TIME =     0.5 CYCLES

                               BRANCH NAME   VBASE LL  -PHASE A-     -PHASE B-     -PHASE C-

 STS1 L         CPL1-M         CPL1-F           208.  4684.9/ -76.  4684.9/ 164.  4684.9/  44.
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  Appendix C–1 

APPENDIX C—MANUFACTURER’S DOCUMENTATION  

C.1 KOHLER EQUIPMENT 

GENERATOR 

Refer to Volume 3 of TI6480.3, CPDS 

AUTOMATIC TRANSFER SWITCH 

Refer to Volume 8, Part 1, Book 1 of TI6480.3, CPDS 

C.2 MITSUBISHI EQUIPMENT 

UNINTERRUPTIBLE POWER SUPPLY 

Refer to Volume 6 of TI6480.3, CPDS 

C.3 L–3 EQUIPMENT 

STATIC TRANSFER SWITCH 

Refer to Volume 7 of TI6480.3, CPDS 

C.4 SQUARE D EQUIPMENT 

SWITCHBOARDS

Refer to Volume 2, Part 1, Book 1 of TI6480.3, CPDS 

For shop drawings, refer to Square D drawings provided with this design guide. 

PANELBOARDS 

Refer to Volume 5, Part 1, Book 1 of TI6480.3, CPDS 

For shop drawings, refer to Square D drawings provided with this design guide. 

I-LINE PANELBOARDS 

Refer to Volume 5, Part 1, Book 1 of TI6480.3, CPDS 

For shop drawings, refer to Square D drawings provided with this design guide. 

EPMS

For basic manuals, refer to Volume 9, Part 2, Book 1and 2 and Part 3, Book 1 

and 2 of TI6480.3, CPDS 

For detailed EPMS shop drawings, Square D shall provide shop drawings once 

EPMS design finalized. (TBD) 
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  Appendix D–1 

APPENDIX D—CONSTRUCTION SPECIFICATIONS 

Specifications attached are a sample document and Design Engineer shall update and 

modify them to fit their specific application.  These specification requirements are 

minimum standards allowed and more stringent local, state or federal requirements 

shall be followed. 

DIVISION 2 - SITE CONSTRUCTION 

SECTION 02555 - EXTERIOR FUEL DISTRIBUTION 

DIVISION 13 - SPECIAL CONSTRUCTION 

SECTION 13080 - SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT 

DIVISION 15 - MECHANICAL 

SECTION 15491H - FUEL-OIL SYSTEM 

DIVISION 16 - ELECTRICAL 

SECTION 16050 - BASIC ELECTRICAL MATERIALS AND METHODS 

SECTION 16070 - SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT 

SECTION 16075 - ELECTRICAL IDENTIFICATION 

SECTION 16081 - APPARATUS INSPECTION AND TESTING 

SECTION 16231 – INSTALLATION OF PACKAGED ENGINE GENERATOR 

SECTION 16402 — INTERIOR DISTRIBUTION SYSTEM 

SECTION 16410 — INSTALLATION OF AUTOMATIC TRANSFER SWITCHES 

SECTION 16412 — INSTALLATION OF STATIC TRANSFER SWITCH 

SECTION 16442 — INSTALLATION OF SWITCHBOARDS 

SECTION 16461 – INSTALLATION OF DRY TYPE TRANSFORMERS (600V AND 

LESS)

SECTION 16610 – INSTALLATION OF UNINTERRUPTIBLE POWER SUPPLY 

SYSTEMS – SINGLE MODULE 

SECTION 16910 –EPMS LAN CABLE PLANT 
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SECTION 02555 - EXTERIOR FUEL DISTRIBUTION 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH 
THE FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environ-
mental conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction divisions 2 

through 14 sections, mechanical division 15 sections, other division 16 sections and division 1 

section.

PART 1 - GENERAL 

1.1 REFERENCES 

A. The publications listed below form a part of this specification to the extent referenced.  
The publications are referred to in the text by the basic designation only. 

1. AMERICAN PETROLEUM INSTITUTE (API) 

a. API Spec 5L(2000) Line Pipe 
b. API Spec 6D (2002) Pipeline Valves (Gate, Plug, Ball, and Check 

Valves)
c. API Std 594 (1997) Wafer and Wafer-Lug Check Valves 
d. API Std 609 (1997) Lug- and Wafer-Type Butterfly Valves 
e. API RP 1110 (1997) Pressure Testing of Liquid Petroleum Pipelines 
f. API BULL 2209 (1978) Pipe Plugging Practices 

2. ASME INTERNATIONAL (ASME) 

a. ASME B16.3 (1998) Malleable Iron Threaded Fittings 
b. ASME B16.5 (1996) Pipe Flanges and Flanged Fittings NPS 1/2 

Through NPS 24 
c. ASME B16.9 (2001) Factory-Made Wrought Steel Buttwelding Fittings 
d. ASME B16.11 (2001) Forged Fittings, Socket-Welding and Threaded 
e. ASME B16.34 (1996) Valves - Flanged, Threaded, and Welding End 
f. ASME B16.39 (1998) Malleable Iron Threaded Pipe Unions Classes 150, 

250, and 300 
g. ASME B31.3 (2002) Process Piping 

3. AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

a. ASTM A 36/A 36M (2001) Carbon Structural Steel 
b. ASTM A 53/A 53M (2002) Pipe, Steel, Black and Hot-Dipped, Zinc-Coated 

Welded and Seamless 
c. ASTM A 193/A 193M (2001; Rev. B) Alloy-Steel and Stainless Steel 

Bolting Materials for High-Temperature Service 
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d. ASTM A 194/A 194M (2001; Rev. A) Carbon and Alloy Steel Nuts for 
Bolts for High-Pressure and High-Temperature Service 

e. ASTM D 229 (2001) Rigid Sheet and Plate Materials Used for Electrical 
Insulation

4. MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND 
FITTINGS INDUSTRY (MSS) 

a. MSS SP-58 (1993) Pipe Hangers and Supports - Materials, Design and 
Manufacture

b. MSS SP-69 (2002) Pipe Hangers and Supports - Selection and Application 

5. NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 

a. NEMA MG 1 (1998) Motors and Generators 

6. NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 
a. NFPA 30 (2000) Flammable and Combustible Liquids Code 
b. NFPA 70 (2002) National Electrical Code 

1.2 SYSTEM DESCRIPTION 

A. Provide new  exterior fuel distribution system complete and ready for operation.  
System shall include aboveground piping, piping in manholes, buried piping, and 
related work. 

1.3 SUBMITTALS 

A. Government approval is required for submittals with a "G" designation; submittals not 
having a "G" designation are for information only or as otherwise designated.  When 
used, a designation following the "G" designation identifies the office that will review 
the submittal for the Government.  The following shall be submitted in accordance with 
Section 01330 SUBMITTAL PROCEDURES: 

1. SD-03 Product Data 

a. Pipe
b. Valves
c. Strainers
d. Pipe hangers and supports
e. Expansion joints 

B. Fuel pumps including actual diameter of impeller being furnished and manufacturer's 
certified pump test curves showing the characteristics over the entire operating range. 

1. SD-07 Certificates 

a. Certification of welder's qualifications 

____________________________________________________________________________________ 
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2. SD-10 Operation and Maintenance Data 

a. Fuel pumps, Data Package 2; G
b. Submit in accordance with Section 01781, "Operation and Maintenance 

Data."

1.4 QUALITY ASSURANCE 

A. Certification of Welder's Qualifications 

1. Submit prior to site welding.  Certifications shall not be more than one year old. 

PART 2 - PRODUCTS 

2.1 STEEL FUEL PIPE

A. ASTM A 53/A 53M; Type E (electric-resistance welded, Grade A or B) or Type S 
(seamless, Grade A or B), black steel.  Provide Weight Class STD (Standard) for 
welding end connections.  Provide Weight Class XS (Extra-Strong) for threaded end 
connections. 

B. API Spec 5L; seamless, submerged-arc weld or gas metal-arc weld; Grade B, black 
steel.  Provide Weight Class STD (Standard) for welding end connections.  Provide 
Weight Class XS (Extra-Strong) for threaded end connections. 

2.2 FITTINGS 

A. Threaded Fittings:  ASME B16.11 or ASME B16.3.

B. Socket Welded Fittings:  ASME B16.11.

C. Buttwelding Fittings:  ASME B16.9.  Provide the same material and weight as the 
piping in which fittings are installed.  Backing rings shall conform to ASME B31.3 and 
be compatible with materials being welded. 

D. Flanges:  ASME B16.5, Class 150. 

E. Unions:  ASME B16.39, Class 150.  Provide electrically isolating (insulating) unions 
where indicated. 

2.3 GASKETS, BOLTS, NUTS, AND WASHERS 

A. Gaskets:  Provide one piece, factory cut, 0.0625 inch thick gaskets resistant to the 
effects of aviation hydrocarbon fuels and manufactured of fire resistant materials.  
Provide full-face gaskets for flat-face flanged joints, and ring gaskets for raised-face 
flanged joints. 

B. Bolts:  ASTM A 193/A 193M, Grade B7.  Extend no less than two full threads beyond 
the nut with the bolts tightened to the required torque. 
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C. Nuts:  ASTM A 194/A 194M, Grade 7, with Teflon coated threads. 

D. Washers:  Provide steel flat circular washers under bolt heads and nuts. 

E. Electrical Insulating Gaskets for Flanges:  Provide ASTM D 229electrical insulating 
material of 1000 ohms minimum resistance.  Material shall be resistant to the effects of 
aviation hydrocarbon fuels.  Provide full face, one piece, factory cut insulating gaskets 
between flanges.  Provide full surface 0.03 inch thick wall thickness, spiral-wound 
mylar insulating sleeves between bolts and holes in flanges; bolts may have reduced 
shanks of a diameter not less than the diameter at the root of threads.  Provide 0.125 
inch thick high strength phenolic insulating washers next to flanges and flat stainless 
steel washers over insulating washers and under bolt heads and nuts.  Provide bolts 
0.5 inch longer than standard length to compensate for the thicker insulating gaskets 
and the washers under bolt heads and nuts. 

2.4 VALVES

A. General 

1. Steel body for working pressure of ASME Class 150, 275 psig at 100 degrees F.  
Provide with stems in the horizontal position or not greater than 45 degrees 
above the horizontal position.  Valves shall have flanged end connections, except 
valves smaller than 2.5 inches shall have union end connections, or threaded 
end connections with a union on all but one side of the valve.  Provide Viton or 
Teflon seals with metal backup.  Provide gear operators with weatherproof 
housing designed to exclude driving rain.  Provide valve in tank fill piping  with 
factory-installed limit switches that are actuated by the valve operators. 

B. Ball Valves 

1. API Spec 6D, steel body, ASME Class 150.  Provide non-lubricated double 
seated type capable of handling two-way shutoff, with weatherproof gear 
operators, except valves 4 inches and smaller may be lever operated with 10 
positions or infinitely adjustable positions between full open and full close.  
Minimum bore size shall be equal to  of the internal cross sectional area of a pipe 
of the same nominal diameter.    Provide chromium-plated or nickel-plated steel 
balls.  Valves shall have stainless steel stems and trim, and Viton or Teflon 
seats, body seals, and stem seals. 

C. Check Valves 

1. ASME B16.34, Class 150, steel body.  Valve shall be spring-loaded, non-surge 
globe type with fully guided (top and bottom) disc with Viton renewable seats. 

D. Relief Valves 

1. ASME Class 150, steel body; set relief at pressure indicated. 

E. Globe Valves 

1. ASME B16.34, steel body, Class 150. 
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F. Butterfly Valves 

1. API Std 609, Class 150, steel body, bubbletight bidirectional shutoff service at 
275 psig.  Disc shall be Type 304L or Type 316, stainless steel.  Stem shall be 
Type 416 or Type 630, stainless steel.  Seal ring shall be Teflon with metal 
backup.  Stem seals shall be capable of withstanding the rated pressure and 
temperature of the valve seat.  Valves 6 inches and larger and valves at pump 
discharge shall have weatherproof gear operators with handwheel; other valves 
shall have 10-position throttling handles.  Install valves between ASME Class 
150 flanges.  Do not install valves on other flanges such as equipment, strainer, 
and valve flanges.  Provide spool pieces.  Provide fusible link type valves where 
indicated.  Provide fusible link and spring assembly to close the valve 
automatically when the link material melts at 165 degrees F and to lock valve in 
the closed position. 

G. Wafer Type Check Valves 

1. API Spec 6D and API Std 594, ASME Class 150.  Wafer type check valves may 
be provided in lieu of swing-check valves in piping sizes larger than 4 inches.  
Valves shall have Grade CF8M stainless steel disc and seal material.  Valves 
shall have Type 316 stainless steel spring, hinge pin, stop pin, and radial-thrust 
bearing materials.  Install valves between ASME Class 150 flanges. 

H. Pump Pressure Relief Valves 

1. ASME Class 150, with flanged end connections, and position indicator.  
Hydraulically operated, diaphragm type, modulating, globe valve actuated by 
pipe line pressure through a pilot control system designed to open fast to 
maintain a constant line pressure but close gradually to prevent surges; fully 
adjustable, direct acting, spring-loaded, diaphragm type designed to permit flow 
when the controlled pressure is greater than the predetermined spring setting; 
aluminum alloy 6061-T6 or 356-T6, stainless steel main valve trim and control 
pilot system; and rubber parts of Viton or Buna-N.  When diaphragm fails, the 
valve shall close.  Provide valve with position indicator, pilot circuit strainer, and 
pressure gage quick-disconnect fittings located in valve inlet, outlet, and cover. 

I. Solenoid Control Valves 

1. ASME Class 150, with flanged end connections and position indicator.  
Hydraulically operated, pilot controlled, diaphragm type globe valve, with a tight 
shutoff down to 200 psig operating pressure.  When energized, the solenoid 
controls shall cause the main valve to open and function normally.  When 
deenergized, the solenoid controls shall cause the main valve to close, providing 
a driptight shutoff.  Provide NEMA 7 solenoids.  Aluminum alloys 6061-T6 or 356-
T6 valve body; stainless steel main valve trim and control pilot system; and 
rubber parts of Viton or Buna-N.  When diaphragm fails, the valve shall close.  
Valve shall have position indicator, pilot circuit strainer, and pressure gage quick-
disconnect fittings located in valve inlet, outlet, and cover. 

2.5 EQUIPMENT 
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A. General 

1. Pressure components of equipment shall be for working pressure of ASME Class 
150, 275 psig at 100 degrees F. 

B. Fuel Pumps 

1. Provide pumps designed for use with aviation hydrocarbon fuels and working 
pressure of 275 psig at 100 degrees F.  Design shall provide for nonoverloading 
characteristics throughout entire head capacity curve under operating conditions.  
Pump motors shall conform to NEMA MG 1, Design B; NFPA 70, Class I, 
Division 1, Group D, explosion- and weather-proof, squirrel cage induction type, 
rated for continuous duty based on 99 degrees F temperature rise and Class B 
insulation.  Motors shall have built-in, nonsparking, nonreverse ratchet type 
mechanism to prevent reversal of pump shaft.  Positive displacement pumps 
shall be base mounted.  Turbine pumps shall have antivortex device which 
permits pump removal without entering the tank. 

2.6 ELECTRICAL COMPONENTS 

A. Provide explosion proof motors, controllers, contactors, and disconnects conforming to 
NFPA 70, Class I, Division 1, Group D, except where NFPA 70, Class I, Division 2, 
Group D is indicated.  Furnish motors, controllers, contactors, and disconnects with 
respective pieces of equipment.  Motors, controllers, contactors, and disconnects shall 
conform to and shall have electrical connections provided under Division 16, 
"Electrical."  Controllers and contactors shall have a maximum of 120-volt control 
circuits, and shall have auxiliary contacts for use with the controls furnished.  When 
motors and equipment furnished are larger than sizes indicated, the cost of providing 
additional electrical service and related work shall be included under this section. 

2.7 PIPING SYSTEM COMPONENTS AND ACCESSORIES 

A. General 

1. Design pressure and temperature ratings shall be working pressure of ASME 
Class 150, 275 psig at 100 degrees F. 

B. Pipe Hangers and Supports 

1. MSS SP-58 and MSS SP-69, adjustable type, except as modified herein or 
indicated otherwise.  Provide steel pipe hangers and supports.  Finish of rods, 
nuts, bolts, washers, hangers, and supports shall be hot-dip galvanized.  Cast-
iron rollers and bases may be painted with two coats of aluminum paint in lieu of 
hot-dip galvanized. 

a. Pipe Rollers:  Provide pipe rollers one pipe size larger than the pipe which 
the roller supports.  Provide stainless steel axles for cast-iron rollers. 

b. Pipe Protection Shields:  MSS SP-58 and MSS SP-69, Type 40, except 
material shall be Type 316 stainless steel.  Provide at each roller type and 
slide type pipe hanger and support. 

____________________________________________________________________________________ 
EXTERIOR FUEL DISTRIBUTION 02555 - 6 



FAA DTFA-AC-03-D-13284 CPDS – FINAL DESIGN    
EYP MCF NO. 1503022.00 SEPTEMBER 14, 2005 

c. Low-Friction Supports:  Provide self-lubricating antifriction bearing 
elements composed of 100 percent virgin tetrafluoroethylene polymer and 
reinforcing aggregates, prebonded to appropriate backing steel members.  
Coefficient of static friction between the material shall be 0.06 from initial 
installation for both vertical and horizontal loads and shall not deform more 
than 0.002 inch under allowable static loads.  Bond between material and 
steel shall be heat cured, high temperature epoxy.  Design pipe hanger and 
support elements for the loads applied.  Antifriction material shall be a 
minimum of 0.09 inch thick.  Steel supports shall be hot-dip galvanized.  
Units shall be factory designed and manufactured. 

d. Miscellaneous Metal:  ASTM A 36/A 36M, standard mill finished structural 
steel shapes, hot-dip galvanized. 

e. Anchors, Bolts, Nuts, Washers, and Screws:  Hot-dip galvanized steel, 
except provide Type 316 stainless steel under piers. 

C. Strainers

1. ASME Class 150, steel body, with flanged end connections.  Provide "S" or "T" 
pattern , duplex type.  Strainers shall have removable baskets of 7-mesh, Type 
316 stainless steel wire screen unless other mesh is indicated.  Pressure drop for 
clean strainer shall not exceed 3 psig at design flow rates.  Provide strainer with 
air eliminator. 

D. Gages

1. Provide single style pressure gage for fuel with 4.5 inchdial, brass or aluminum 
case, bronze tube, stainless steel ball valve, and pressure snubbers.  Provide 
scale range suitable for intended service. 

E. Pipe Sleeves 

1. Provide where piping passes entirely through walls and floors.  Provide sleeves 
of sufficient length to pass through entire thickness of walls and floors.  Provide 
one inch minimum clearance between exterior of piping and interior of sleeve or 
core-drilled hole.  Seal space at both ends of sleeve or core-drilled hole with 
plastic waterproof cement which will dry to a firm but pliable mass, or provide a 
mechanically adjustable segmented elastomeric seal.  In fire walls and fire floors, 
seal both ends of sleeves or core-drilled holes with UL listed fill, void, or cavity 
material.

a. Sleeves in Masonry and Concrete Walls and Floors:  Provide hot-dip 
galvanized steel, ductile-iron, or cast-iron pipe sleeves.  Core drilling of 
masonry and concrete may be provided in lieu of pipe sleeves when 
cavities in the core-drilled hole are grouted smooth. 

b. Sleeves in Other Than Masonry and Concrete Walls and Floors: Provide 
26-gage galvanized steel sheet. 

F. Escutcheon Plates 

1. Provide split hinge type metal plates for piping entering walls and floors of 
buildings. 
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G. Flexible Pipe Connectors 

1. Stainless steel, single braided, close helical type hose with ASME Class 150 end 
connections.  Connectors shall have sufficient length to absorb 0.125 inch lateral 
movement.  Hose shall have working pressure of 275 psig at 100 degrees F. 

H. Temporary Conical Strainers 

1. Provide steel pipe spool piece 12 inches long with ASME Class 150 flanges on 
each end of the spool piece, and of the same diameter as the ASME Class 150 
flanges on the connecting piping.  Strainers shall be designed to be installed 
between flanges, with strainer body within the spool piece.  Strainer shall be 
constructed of stainless steel with 0.25 inch diameter holes, and lined with 60 
mesh stainless steel wire screen. 

2.8 PROTECTIVE COATINGS FOR BURIED PIPING 

A. Provide protective coatings for buried piping.  Provide pipe with factory applied 
adhesive undercoat and continuously extruded plastic resin coating system; minimum 
thickness of plastic resin shall be 23 mils for pipe sizes smaller than 6 inches, and 36 
mils for pipe sizes 6 inches and larger.  Tape shall be elastomeric film backing of 
polyethylene or plasticized polyvinyl chloride coated on one side with homogenous 
pressure sensitive waterproof adhesive.  Surfaces to receive tape wrapping and 
existing piping affected by the Contractor's operations shall be clean, dry, grease free, 
and primed before application of tape.  Tape shall overlap pipe coating not less than 3 
inches.  Waterproof shrink sleeves may be provided in lieu of tape, and shall be heated 
by electric heating.  Sleeves shall overlap pipe coating not less than 6 inches.  
Extruded coating and adhesive undercoat surfaces to be wrapped with tape shall be 
primed with a compatible primer prior to application of tape.  Primer shall be as 
recommended by tape manufacturer and approved by extruded coating manufacturer. 

1. Damaged Areas of Extruded Coating:  Provide 20 mils nominal thickness tape 
over damaged areas.  Residual material from coating shall be pressed into the 
break or trimmed off.  Tape shall be applied spirally with one-third overlapped as 
tape is applied.  A double wrap of one full width of tape shall be applied at right 
angles to the axis to seal each end of the spiral wrapping. 

2. Fittings, Couplings, and Regular Surfaces:  Provide 20 mils nominal thickness 
tape overlapped not less than one inch over damaged areas.  Initially stretch and 
apply first layer of tape to conform to component's surface.  Apply and press a 
second layer of tape over first layer of tape. 

3. Flanges, Valves, and Irregular Uncoated Surfaces:  Provide cold-applied coal tar 
mastic painting system to a minimum dry film thickness of 30 mils. 

2.9 CATHODIC PROTECTION 

A. Provide cathodic protection systems for buried metallic piping systems when soil 
resistivity is less than 30,000 ohm-cm. 

2.10 METALS CONTACTING FUEL 

____________________________________________________________________________________ 
EXTERIOR FUEL DISTRIBUTION 02555 - 8 



FAA DTFA-AC-03-D-13284 CPDS – FINAL DESIGN    
EYP MCF NO. 1503022.00 SEPTEMBER 14, 2005 

A. Zinc, zinc coated steel, zinc coated cast iron, brass, copper, and copper bearing alloys 
contacting the fuel shall not be permitted, except under the following conditions: 

1. Brass contacting the fuel shall be permitted up to a maximum of 0.5 percent of 
the total fuel wetted surface area in each system. 

2. Aluminum casting containing up to a maximum of 10 percent copper contacting 
the fuel shall be permitted. 

3. Carbon steel containing up to a maximum of one percent copper contacting the 
fuel shall be permitted in carbon steel piping systems. 

4. Brass hose fittings and couplings will be permitted. 

2.11 BONDING 

A. NFPA 70 for materials and workmanship.  All parts of the fuel piping system shall be 
bonded in metallic contact to provide electrical continuity to fixed and moving 
components for grounding the entire system.  Provide jumpers to overcome insulating 
effects of gaskets, paints, and nonmetallic components.  Ground conductor shall be not 
less than No. 6 size, single covered, flexible, stranded, copper conductor, Type RR-
USE.

2.12 BURIED WARNING AND IDENTIFICATION TAPE 

A. Provide detectable aluminum foil plastic backed tape or detectable magnetic plastic 
tape manufactured specifically for warning and identification of buried piping.  Tape 
shall be detectable by an electronic detection instrument.  Provide tape in rolls, 3 
inches minimum width, color coded for the utility involved, with warning and 
identification imprinted in bold black letters continuously and repeatedly over entire 
tape length.  Warning and identification shall read CAUTION BURIED FUEL PIPING 
BELOW OR similar wording.  Use permanent code and letter coloring unaffected by 
moisture and other substances contained in trench backfill material. 

2.13 NAMEPLATES 

A. Provide laminated plastic nameplates for equipment, gages, thermometers, and valves.  
Nameplates shall be melamine plastic, 0.125 inch thick, black with white center core.  
Surface shall be matte finish.  Corners shall be square.  Accurately align lettering and 
engrave into the white core.  Minimum size of nameplates shall be one by 2.5 inches.  
Lettering shall be minimum of 0.25 inch high normal block style.  Key nameplates to a 
chart and schedule for each system.  Frame charts and schedules under glass, and 
locate near each system as directed by Contracting Officer.  Furnish two copies of 
each chart and schedule. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Installation of exterior fuel distribution systems including equipment, materials, 
installation, workmanship, fabrication, assembly, erection, examination, inspection, and 
testing shall be in accordance with ASME B31.3.  Install piping straight and true to bear 
evenly on supports and sand bedding material.  Install valves with stems horizontal or 
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above.  Provide flanges or unions at valves, strainers, connections to equipment, and 
as indicated. 

1. Fire Protection:  Conform to safety and fire regulations of the Station Fire 
Department when work is in progress.  Obtain a "Hot Work" permit each day 
before performing welding or burning.  Piping and the surrounding area shall be 
inspected for explosive vapors prior to work and frequently during the course of 
the work. If in the opinion of the Contracting Officer, a hazardous condition exists, 
work shall cease until such condition has been corrected 

2. Safety:  NFPA 30; safety rules shall be strictly observed. 
3. Cutting Existing Pipe:  Perform initial cutting of existing pipe with a multiwheel 

pipe cutter, using a nonflammable lubricant.  After cut is made, seal interior of 
piping with a gas barrier plug in accordance with API BULL 2209.  Interior of 
piping shall be purged with carbon dioxide or nitrogen during the welding 
process.  Complete method of cutting, sealing, and welding shall be approved in 
advance of the actual work. 

4. Cleaning of Piping:  Keep interior and ends of new piping and existing piping 
affected by the Contractor's operations thoroughly cleaned of water and foreign 
matter during installation by means of plugs or other approved methods.  When 
work is not in progress, securely close open ends of pipe and fittings to prevent 
entry of water and foreign matter.  Inspect piping before placing into position. 

5. Demolition:  Remove materials to avoid damaging remaining materials.  Replace 
existing work damaged by the Contractor's operations with new work of the same 
construction. 

3.2 PIPING 

A. Test, inspect, and approve piping before burying, covering, or concealing.  Provide 
fittings for changes in direction of piping and for connections.  Reducing branch 
connections in steel piping may be made with forged branch outlet reducing fittings for 
branches two or more pipe sizes smaller than mains.  Branch outlet fittings shall be 
forged, flared for improved flow where attached to the run, reinforced against external 
strains, and designed to withstand full pipe bursting strength.  Stab type connections 
will not be permitted.  Jointing compound for pipe threads shall be Teflon pipe thread 
paste.  Pipe nipples 6 inches long and shorter shall be Schedule 80 steel pipe.  Make 
changes in piping sizes through tapered reducing pipe fittings 

1. Fittings and End Connections:  For sizes less than one inch, provide threaded 
fittings and end connections.  For sizes one to 2 inches provide threaded or 
socket-welding or buttwelding fittings and end connections; provide threaded 
connections for threaded valves, strainers, and threaded connections to 
equipment.  For sizes 2.5 inches and larger, provide buttwelding fittings and end 
connections; provide flanged connections for flanged valves, traps, strainers, and 
flanged connections to equipment. 

2. Welding:  ASME B31.3, metallic arc process, including qualifications of welder. 
3. Pipe Hangers and Supports:  Provide additional pipe hangers and supports for 

concentrated loads in piping between pipe hangers and supports, such as for 
valves.  Provide ASTM A 36/A 36Mmiscellaneous steel shapes as required.  
Support piping as follows: 

   Nominal Pipe    1.0 and 
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Size (Inches)    Under    1.5    2    3    4    6    8   10    12

  Maximum Pipe 
Spacing (Feet)     7       9     10   12   14   17   19  22    23 

4. Buried Piping System:  Installation including field joints, bedding, and initial 
backfill shall be in accordance with ASME B31.3 and NFPA 30.

3.3 FIELD QUALITY CONTROL 

A. Inspections 

1. Prior to initial operation, inspect piping system for compliance with drawings, 
specifications, and manufacturer's submittals. 

B. Tests 

1. Piping Tests:  Before final acceptance of the work, test each system as in service 
to demonstrate compliance with contract requirements.  Hydrostatically test each 
piping system at not less than 415 psig in accordance with ASME B31.3 and API 
RP 1110, with no leakage or reduction in gage pressure for 4 hours  Flush, clean, 
and dry piping before placing in operation.  Flush piping at a minimum velocity of 
8 fps.  Correct defects in work and repeat tests until the work is in compliance 
with contract requirements.  Furnish potable water, electricity, instruments, 
connecting devices, and personnel for tests.  Remove items from the system that 
may be damaged by water used for testing. 

2. Protective Coatings of Buried Piping System Tests:  Perform test on protective 
coatings with a silicone rubber electric wire brush or an electric spring coil flaw 
tester of an approved type. Tester shall be equipped with an operating bell, 
buzzer, or other audible signal which will sound when a holiday is detected at 
minimum testing voltage equal to 1000 times the square root of the average 
coating thickness in mils.  Tester shall be a type so fixed that field adjustment 
cannot be made.  Calibration by tester manufacturer shall be required at 6 month 
intervals.  Maintain the battery at ample charge to produce the crest voltage 
during tests.  Areas where arcing occurs shall be repaired by using material 
identical to that being used for field joints.  After installation, retest exterior 
surfaces, including field joints, for holidays. Promptly repair holidays. 

3. Cathodic Protection Tests:  Perform test to prove continuity of electrical 
connections prior to backfill. 

4. Equipment Acceptance Tests:  [_____]. 

3.4 FIELD PAINTING 

A. Coat piping and appurtenances in accordance with Section 09971, "Exterior Coating 
System For Welded Steel Petroleum Storage Tanks". 

3.5 CONNECTIONS TO EXISTING SYSTEMS 

____________________________________________________________________________________ 
EXTERIOR FUEL DISTRIBUTION 02555 - 11 



FAA DTFA-AC-03-D-13284 CPDS – FINAL DESIGN    
EYP MCF NO. 1503022.00 SEPTEMBER 14, 2005 

A. Notify the Contracting Officer in writing at least 15 days prior to the date the 
connections are required.  Obtain approval before interrupting service. Provide 
materials required to make connections into existing systems and perform excavating, 
backfilling, compacting, and other incidental labor as required. 

END OF SECTION 02555 
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SECTION 13080 - SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH 
THE FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environ-
mental conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section

PART 1 - GENERAL 

1.1 REFERENCES 

A. The publications listed below form a part of this specification to the extent referenced.  
The publications are referred to within the text by the basic designation only. 

1. ASTM INTERNATIONAL (ASTM) 

a. ASTM A 36/A 36M (2001) Carbon Structural Steel 
b. ASTM A 53/A 53M (2002) Pipe, Steel, Black and Hot-Dipped, Zinc-

Coated, Welded and Seamless 
c. ASTM A 153/A 153M (2001a) Zinc Coating (Hot-Dip) on Iron and Steel 

Hardware
d. ASTM A 307 (2002) Carbon Steel Bolts and Studs, 60 000 PSI Tensile 

Strength
e. ASTM A 325 (2002) Structural Bolts, Steel, Heat Treated, 120/105 ksi 

Minimum Tensile Strength 
f. ASTM A 325M (2000) High-Strength Bolts for Structural Steel Joints 

(Metric)
g. ASTM A 500 (2001a) Cold-Formed Welded and Seamless Carbon Steel 

Structural Tubing in Rounds and Shapes 
h. ASTM A 563 (2000) Carbon and Alloy Steel Nuts 
i. ASTM A 563M (2001) Carbon and Alloy Steel Nuts (Metric) 
j. ASTM A 572/A 572M (2001) High-Strength Low-Alloy Columbium-

Vanadium Structural Steel 
k. ASTM A 603 (1998) Zinc-Coated Steel Structural Wire Rope 
l. Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process 
m. ASTM E 488 (1996) Strength of Anchors in Concrete and Masonry 

Elements

2. ASME INTERNATIONAL (ASME) 

a. ASME B18.2.1 (1996) Square and Hex Bolts and Screws, Inch Series 
b. ASME B18.2.2 (1987; R 1999) Square and Hex Nuts 

3. U.S. ARMY CORPS OF ENGINEERS (USACE) 
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a. TI 809-04 (1998) Seismic Design for Buildings 

1.2 SYSTEM DESCRIPTION 

A. General Requirements 

1. The requirements for seismic protection measures described in this section shall 
be applied to the mechanical equipment and systems outlined in Section 15070A
SEISMIC PROTECTION FOR MECHANICAL EQUIPMENT, the electrical 
equipment and systems outlined in Section 16070A SEISMIC PROTECTION 
FOR ELECTRICAL EQUIPMENT, and the miscellaneous equipment and 
systems listed below.  Seismic protection requirements shall be in accordance 
with TI 809-04 and additional data furnished by the Contracting Officer, and shall 
be provided in addition to any other requirements called for in other sections of 
these specifications.  The design for seismic protection shall be based on a 
Seismic Use Group [I] [II] [IIIH] [IIIE] building occupancy and on site response 
coefficients for S<SBS>MS</SBS> = [_____] and S<SBS>M1</SBS> = [_____].  
Resistance to lateral forces induced by earthquakes shall be accomplished 
without consideration of friction resulting from gravity loads.  The basic force 
formulas, for Ground Motions A and B in Chapter 3 of TI 809-04, use the design 
spectral response acceleration parameters for the performance objective of the 
building, not for equipment in the building; therefore, corresponding adjustments 
to the formulas shall be required. 

B. Miscellaneous Equipment and Systems 

1. The bracing for the following miscellaneous equipment and systems shall be 
developed by the Contractor in accordance with the requirements of this 
specification: 

a. Storage cabinets                       
b. Ornamentations 
c. Storage Racks                          
d. Signs and Billboards 
e. Shelving    
f. Furnishings 
g. Partitions 

1.3 SUBMITTALS 

A. Government approval is required for submittals with a "G" designation; submittals not 
having a "G" designation are for information only or as otherwise designated.  When 
used, a designation following the "G" designation identifies the office that will review 
the submittal for the Government.  The following shall be submitted in accordance with 
Section 01330 SUBMITTAL PROCEDURES: 

1. SD-02 Shop Drawings

a. Bracing; G,
b. Resilient Vibration Isolation Devices; G,
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c. Equipment Requirements; G,

B.  Detail drawings along with catalog cuts, templates, and erection and installation 
details, as appropriate, for the items listed.  Submittals shall be complete in detail; shall 
indicate thickness, type, grade, class of metal, and dimensions; and shall show 
construction details, reinforcement, anchorage, and installation with relation to the 
building construction.  For equipment and systems in buildings that have a 
performance objective higher than life-safety, the drawings shall be stamped by the 
registered engineer who stamps the calculations required above. 

1. SD-03 Product Data

a. Bracing; G,
b. Equipment Requirements; G,

C. Copies of the design calculations with the detail drawings.  Calculations shall be 
stamped by a registered engineer and shall verify the capability of structural members 
to which bracing is attached for carrying the load from the brace. 

1.4 EQUIPMENT REQUIREMENTS 

A. Rigidly Mounted Equipment 

1. The following specific items of equipment:  [_____] to be furnished under this 
contract shall be constructed and assembled to withstand the seismic forces 
specified in TI 809-04, Chapter 10.  For any rigid equipment which is rigidly 
attached on both sides of a building expansion joint, flexible joints for piping, 
electrical conduit, etc., that are capable of accommodating displacements equal 
to the full width of the joint in both orthogonal directions, shall be provided. 

B. Nonrigid or Flexibly-Mounted Equipment 

1. The following specific items of equipment to be furnished:  [_____] shall be 
constructed and assembled to resist a horizontal lateral force of [_____] times 
the operating weight of the equipment at the vertical center of gravity of the 
equipment.

PART 2 - PRODUCTS 

2.1 BOLTS AND NUTS 

A. Squarehead and hexhead bolts, and heavy hexagon nuts, ASME B18.2.1, ASME 
B18.2.2, or [ASTM A 307 for bolts and ASTM A 563 for nuts] [ASTM A 325 for bolts 
and nuts].  Bolts and nuts used underground and/or exposed to weather shall be 
galvanized in accordance with ASTM A 153/A 153M.

2.2 SWAY BRACING 

A. Material used for members listed [in this section] [and] [on the drawings], shall be 
structural steel conforming with the following: 
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1. Plates, rods, and rolled shapes, [ASTM A 36/A 36M] [ASTM A 572/A 572M,
Grade 503].  If the Contractor does the design, both ASTM A 36/A 36Mand 
ASTM A 572/A 572M, grade 503 will be allowed. 

2. Wire rope, ASTM A 603.
3. Tubes, ASTM A 500, Grade [B] [_____]. 
4. Pipes, ASTM A 53/A 53M, Type [E] or [S], Grade B. 
5. Light gauge angles, less than 1/4 inch thickness, [ASTM A 653/A 653M] [_____]. 

PART 3 - EXECUTION 

3.1 BRACING

A. Bracing shall conform to the arrangements shown.  Trapeze-type hanger shall be 
secured with not less than two 1/2 inch bolts. 

3.2 BUILDING DRIFT 

A. Sway braces for a piping run shall not be attached to two dissimilar structural elements 
of a building that may respond differentially during an earthquake unless a flexible joint 
is provided. 

3.3 ANCHOR BOLTS 

A. Floor or pad mounted equipment shall use cast-in-place anchor bolts, except as 
specified below.  Two nuts shall be provided on each bolt.  Anchor bolts shall conform 
to ASTM A 307.  Anchor bolts shall have an embedded straight length equal to at least 
12 times nominal diameter of the bolt.  Anchor bolts that exceed the normal depth of 
equipment foundation piers or pads shall either extend into concrete floor or the 
foundation shall be increased in depth to accommodate bolt lengths. 

B. Expansion or chemically bonded anchors shall not be used unless test data in 
accordance with ASTM E 488 has been provided to verify the adequacy of the specific 
anchor and application.  Expansion or chemically bonded anchors shall not be used to 
resist pull-out in overhead and wall installations if the adhesive is manufactured with 
temperature sensitive epoxies and the location is accessible to a building fire.  
Expansion and chemically bonded anchors shall be installed in accordance with the 
manufacturer's recommendations.  The allowable forces shall be adjusted for the 
spacing between anchor bolts and the distance between the anchor bolt and the 
nearest edge, as specified by the manufacturer. 

1. Expansion and chemically bonded anchors shall be tested in place after 
installation.  The tests shall occur not more than 24 hours after installation of the 
anchor and shall be conducted by an independent testing agency; testing shall 
be performed on random anchor bolts as described below. 

2. Torque wrench testing shall be done on not less than 50 percent of the total 
installed expansion anchors and at least one anchor for every piece of equipment 
containing more than two anchors.  The test torque shall equal the minimum 
required installation torque as required by the bolt manufacturer.  Torque 
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wrenches shall be calibrated at the beginning of each day the torque tests are 
performed.  Torque wrenches shall be recalibrated for each bolt diameter 
whenever tests are run on bolts of various diameters.  The applied torque shall 
be between 20 and 100 percent of wrench capacity.  The test torque shall be 
reached within one half turn of the nut, except for 3/8 inch sleeve anchors which 
shall reach their torque by one quarter turn of the nut.  If any anchor fails the test, 
similar anchors not previously tested shall be tested until 20 consecutive anchors 
pass.  Failed anchors shall be retightened and retested to the specified torque; if 
the anchor still fails the test it shall be replaced. 

3. Expansion and chemically bonded anchors shall be tested by applying a pullout 
load using a hydraulic ram attached to the anchor bolt.  At least 5 percent of the 
anchors, but not less than 3 per day shall be tested.  The load shall be applied to 
the anchor without removing the nut; when that is not possible, the nut shall be 
removed and a threaded coupler shall be installed of the same tightness as the 
original nut.  The test setup shall be checked to verify that the anchor is not 
restrained from withdrawing by the baseplate, the test fixture, or any other 
fixtures.  The support for the testing apparatus shall be at least 1.5 times the 
embedment length away from the bolt being tested.  Each tested anchor shall be 
loaded to 1 times the design tension value for the anchor.  The anchor shall have 
no observable movement at the test load.  If any anchor fails the test, similar 
anchors not previously tested shall be tested until 20 consecutive anchors pass.  
Failed anchors shall be retightened and retested to the specified load; if the 
anchor still fails the test it shall be replaced. 

3.4 RESILIENT VIBRATION ISOLATION DEVICES 

A. Where the need for these devices is determined, based on the magnitude of the design 
seismic forces, selection of anchor bolts for vibration isolation devices and/or snubbers 
for equipment base and foundations shall follow the same procedure as in paragraph 
ANCHOR BOLTS, except that an equipment weight equal to five times the actual 
equipment weight shall be used. 

B. Vibration isolation devices shall be selected so that the maximum movement of 
equipment from the static deflection point shall be 0.5 inches. 

3.5 SWAY BRACES FOR PIPING 

A. Transverse sway bracing for steel and copper pipe shall be provided at intervals not to 
exceed those shown on the drawings.  Transverse sway bracing for pipes of materials 
other than steel and copper shall be provided at intervals not to exceed the hanger 
spacing as specified in Section 15400A PLUMBING, GENERAL PURPOSE.  Bracing 
shall consist of at least one vertical angle 2 x 2 inches x 16 gauge and one diagonal 
angle of the same size. 

B. Longitudinal sway bracing shall be provided in accordance with Section 
15070ASEISMIC CONTROL FOR MECHANICAL EQUIPMENT. 

C. Anchor rods, angles, and bars shall be bolted to either pipe clamps or pipe flanges at 
one end and cast-in-place concrete or masonry insert or clip angles bolted to the steel 
structure on the other end.  Rods shall be solid metal or pipe as specified below.  
Anchor rods, angles, and bars shall not exceed lengths given in the tabulation below. 

____________________________________________________________________________________

SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT 13080- 5 



FAA DTFA-AC-03-D-13284 CPDS – FINAL DESIGN    
EYP MCF NO. 1503022.00 SEPTEMBER 14 2005 

D. Maximum Length for Anchor Braces 
                                                                            
                                                                            Maximum Length* 

   Type            Size (Inches)                    (Feet/Inches) 

  Angles             1-1/2 x 1-1/2 x 1/4         4-10 
                                  2 x 2 x 1/4                        6-6 
                         2-1/2 x 1-1/2 x 1/4                8-10 
                             3 x 2-1/2 x 1/4                      8-10 
                                  3 x 3 x 1/4                            9-10 

 Rods                3/4       3-1 
                                        7/8        3-8 

 Flat Bars             1-1/2 x 1/4               1-2 
                                           2 x 1/4                          1-2 
                                           2 x 3/8                          1-9 

      Pipes (40S)          1                             7-0 
                                   1-1/4                       9-0 

                                    1-1/2                   10-4 
                                   2                        13-1 

E. Bolts used for attachment of anchors to pipe and structure shall be not less than 1/2 
inch diameter. 

3.6 EQUIPMENT SWAY BRACING 

A. Equipment sway bracing shall be provided for items supported from overhead floor or 
roof structural systems, including light fixtures.  Braces shall consist of angles, rods, 
wire rope, bars, or pipes arranged as shown and secured at both ends with not less 
than 1/2 inch bolts.  Sufficient braces shall be provided for equipment to resist a 
horizontal force as specified in Chapter 10 of TI 809-04 without exceeding safe working 
stress of bracing components.  The Contractor shall provide, for approval, specific 
force calculations in accordance with Chapter 10 of TI 809-04 for the equipment in the 
project.  Details of equipment bracing shall be submitted for acceptance.  In lieu of 
bracing with vertical supports, these items may be supported with hangers inclined at 
45 degrees directed up and radially away from equipment and oriented symmetrically 
in 90-degree intervals on the horizontal plane, bisecting the angles of each corner of 
the equipment, provided that supporting members are properly sized to support 
operating weight of equipment when hangers are inclined at a 45-degree angle. 

B. Floor mounted equipment shall be bolted to the floor.  Requirements for the number 
and installation of bolts to resist shear forces shall be in accordance with paragraph 
ANCHOR BOLTS. 

C. The ratio of the overturning moment from seismic forces to the resisting moment due to 
gravity loads shall be used to determine if overturning forces need to be considered in 
the sizing of anchor bolts.  Calculations shall be provided to verify the adequacy of the 
anchor bolts for combined shear and overturning. 
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D. Special inspections and testing for seismic-resisting systems and components shall be 
done in accordance with Section 01452A SPECIAL INSPECTION FOR SEISMIC-
RESISTING SYSTEMS. 

END OF SECTION 13080 
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SECTION 15491H - FUEL-OIL SYSTEM 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH 
THE FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, 
environmental conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1  - GENERAL 

1.1 REFERENCES 

A. The publications listed below form a part of this specification to the extent referenced.  
The publications are referred to in the text by the basic designation only. 

1. AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

a. ANSI A13.1  (1996; R 2002) Scheme for Identification of Piping 
Systems 

b. ANSI B16.24 (2001) Cast Copper Alloy Pipe Flanges and Flanged 
Fittings Class 150, 300, 400, 600, 900, 1500, and 2500 

c. ANSI B18.2.1 (1996; A 1999) Square and Hex Bolts and Screws Inch 
Series

2. AMERICAN PETROLEUM INSTITUTE (API) 

a. API Std 599  (2002) Metal Plug Valves - Flanged, Threaded and 
Welding Ends 

b. API 600  (2001) Bolted Bonnet Steel Gate Valves for Petroleum and 
Natural Gas Industries 

c. API RP 1110 (1997) Pressure Testing of Liquid Petroleum Pipelines 
d. API RP 1615 (1996) Installation of Underground Petroleum Storage 

Systems 

3. ASME INTERNATIONAL (ASME) 

a. ASME B1.1  (1989) Unified Inch Screw Threads (UN and UNR Thread 
Form)

b. ASME B16.3  (1998) Malleable Iron Threaded Fittings 
c. ASME B16.5  (1996) Pipe Flanges and Flanged Fittings NPS 1/2 

Through NPS 24 
d. ASME B16.9  (2001) Factory-Made Wrought Steel Buttwelding Fittings 
e. ASME B16.11  (2002) Forged Fittings, Socket-Welding and Threaded 
f. ASME B16.21 (1992) Nonmetallic Flat Gaskets for Pipe Flanges 
g. ASME B16.22 (2002) Wrought Copper and Copper Alloy Solder Joint 

Pressure Fittings 
h. ASME B16.39 (1998) Malleable Iron Threaded Pipe Unions 
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i. ASME B18.2.2 (1987; R 1999) Square and Hex Nuts 
j. ASME B31.1 (2001) Power Piping 
k. ASME B31.3 (2002) Process Piping 
l. ASME B31.4 (2002) Piping Transportation Systems for Liquid 

Hydrocarbons and Other Liquid 
m. ASME B40.1 (1991; Special Notice 1998) Gauges - Pressure Indicating 

Dial Type - Elastic Element 
n. ASME BPVC SEC VIII D1 (1998; Addenda 2003) Boiler and Pressure 

Vessel Code: Section VIII Pressure Vessels, Division 1 
o. ASME BPVC SEC IX (1998; Addenda 2003) Boiler and Pressure Vessel 

Code: Section IX Qualification Standard for Welding and Brazing 
Procedures, Welders, Brazers, and Welding and Brazing Operators 

4. ASTM INTERNATIONAL (ASTM) 

a. ASTM A 36/A 36M  (2002) Carbon Structural Steel 
b. ASTM A 53/A 53M  (2002) Pipe, Steel, Black and Hot-Dipped, Zinc-

Coated, Welded and Seamless 
c. ASTM A 194/A 194M (2003) Carbon and Alloy Steel Nuts for Bolts for 

High-Pressure and High-Temperature Service 
d. ASTM A 307 (2002) Carbon Steel Bolts and Studs, 60 000 PSI Tensile 

Strength
e. ASTM B 88  (2002) Seamless Copper Water Tube 
f. ASTM B 88M (1999) Seamless Copper Water Tube (Metric) 

5. NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

a. NFPA 30 (2000) Flammable and Combustible Liquids Code 
b. NFPA 31 (2001) Installation of Oil Burning Equipment 
c. NFPA 37 (2002) Standard for the Installation and Use of Stationary 

Combustion Engines and Gas Turbines. 
d. NFPA 70 (2002) National Electrical Code 
e. NFPA 780 (2000) Installation of Lightning Protection Systems 

6. THE SOCIETY FOR PROTECTIVE COATINGS (SSPC) 

a. SSPC SP 10 (2000) Near-White Blast Cleaning 
b. SSPC Paint 20 (1991) Zinc-Rich Primers (Type I, "Inorganic," and Type II, 

"Organic")

7. SHEET METAL & AIR CONDITIONING CONTRACTORS' NATIONAL 
ASSOCIATION (SMACNA) 

a. SMACNA Seismic Restraint Mnl (1998; Addendum No. 1 Sept 2000) 
Seismic Restraint Manual Guidelines for Mechanical Systems 

8. UNDERWRITERS LABORATORIES (UL) 

a. UL 142 (2002) Steel Aboveground Tanks for Flammable and Combustible 
Liquids

b. UL 842 (1997; Rev Oct 1999) Valves for Flammable Fluids 

1.2 SUMMARY 
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A. This Section includes storage tanks, fuel oil, tank accessories, piping, valves, and 
specialties for fuel-oil distribution. 

1.3 DEFINITIONS 

A. The following are industry abbreviations for fuel tanks: 

1. AST:  Aboveground, fuel-oil storage tank(s). 
2. UST:  Underground, fuel-oil storage tank(s). 

B. The following are industry abbreviations for plastic materials: 

1. PE:  Polyethylene plastic. 
2. PTFE:  Polytetrafluoroethylene plastic. 
3. RTRP:  Reinforced thermosetting-resin pipe. 
4. TFE:  Tetrafluoroethylene plastic. 

1.4 SYSTEM PERFORMANCE REQUIREMENTS 

A. Aboveground, Fuel-Oil Distribution Piping Minimum Working-Pressure Rating: 150 
psig.

B. Double-Contained-Piping, Carrier-Pipe Minimum Working-Pressure Rating: 150 psig. 

C. Double-Contained-Piping, Secondary-Containment Conduit Minimum Working-
Pressure Rating: 5 psig. 

D. Vent, Gage and Fill Piping Minimum Working-Pressure Rating: 100 psig. 

E. Minimum Test-Pressure Rating for Inner Tank, Smaller Than 12-Foot Diameter: 5 psig.

F. Minimum Test-Pressure Rating for Containment Shell, Smaller Than 12-Foot Diameter:  
5 psig. 

1.5 SUBMITTALS 

A. General:  Submit each item in this Article according to the Conditions of the Contract 
and Division 1 Specification Sections. 

B. Product Data:  Include identification materials and devices; and sizes, dimensions, 
capacities, pressure ratings, settings and operating characteristics for the following: 

1. Each type and size of fuel-oil storage tanks. 
2. Fuel-oil storage tank accessories and specialty fittings. 
3. General- and special-duty valves. 
4. Liquid-level gage systems. 
5. Leak-detection and -monitoring systems. 
6. Control panels including sequence of operation. 

C. Shop Drawings:  Include storage tanks, accessories, pipe sizes, valves and specialties.  
Include details of piping.  Indicate interface, required clearances and spatial relation-
ship between piping, adjacent utilities and proximate structures. 
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1. Wiring Diagrams:  For each item of equipment with electric power supply.  
Include ladder-type wiring diagrams for interlock and control wiring required for 
final installation.  Differentiate between factory-installed and field-installed wiring. 

D. Welding Certificates:  Copies of certificates for welding procedures and personnel. 

E. Test Reports:  As specified in "Field Quality Control" Article. 

F. Maintenance Data:  For accessories and specialties to include in maintenance manuals 
specified in Division 1. 

1.6 QUALITY ASSURANCE 

A. Product Options:  Drawings indicate size, profiles, and dimensional requirements of 
fuel-oil distribution components and are based on specific types and models indicated.  
Other manufacturers' products with equal performance characteristics may be 
considered.  Refer to Division 1 Section "Substitutions." 

B. Distribution Components:  Listing/approval stamp, label, or other marking by testing 
agency acceptable to authorities having jurisdiction. 

C. Electrical Devices, Components and Equipment:  Listed and labeled according to 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction. 

D. Comply with ASME B31.1, "Power Piping," for fuel oil piping materials and joining 
requirements.

E. Comply with NFPA 30, "Flammable and Combustible Liquids Code," and NFPA 37, 
"Stationary Combustion and Gas Turbines" for design and construction, installation, 
inspection and testing of fuel-oil distribution system tanks, piping, and other 
components.

F. Comply with NFPA 70, "National Electrical Code," for electrical connections between 
wiring and electrically operated devices. 

G. Comply with requirements of the EPA and state and local environmental-protection 
authorities having jurisdiction.  Include recording of fuel-oil storage tanks and 
monitoring of tanks and piping. 

H. Comply with requirements of the State and local building and fire authorities having 
jurisdiction.

I. Welding:  Qualify processes and operators according to ASME Boiler and Pressure 
Vessel Code:  Section IX, "Welding and Brazing Qualifications." 

1. Comply with ASME B31 Series, "Code for Pressure Piping." 
2. Certify that each welder has passed AWS qualification tests for welding 

processes involved and that certification is current. 

J. New or replacement tank shall be installed, or existing tank modified by a Contractor 
who has been certified in writing by the fuel oil tank manufacturer or a petroleum 
equipment association as qualified for the purpose. 
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K. The Contractor shall also be certified for the installation and removal of tanks by the 
State in which installation occurs. 

L. The Contractor’s workers involved in the actual removal of existing tanks or installation 
of new tanks shall have current OSHA “HAZWOPER” certifications under 29 CFR Part 
1910.120 (latest edition).  Copies of current certifications shall be furnished upon 
request of the Owner. 

1.7 DELIVERY, STORAGE AND HANDLING 

A. Lift and support fuel oil storage tanks only at designated lifting or supporting points, as 
shown on Shop Drawings.  Do not move or lift tanks unless empty. 

B. Preparation for Transport:  Prepare storage tanks, accessories, valves and specialties 
for shipping as follows: 

1. Ensure that units are dry and internally protected against rust and corrosion. 
2. Protect against damage to threaded ends, flange faces and weld ends. 
3. Set valves and specialties in position for handling that avoids damage to seats 

and operating parts. 

C. Deliver piping with factory-applied end caps.  Maintain end caps through shipping, 
storage and handling to prevent damage and entrance of dirt, debris and moisture. 

D. Store valves and specialties with end protectors in place, unless necessary for 
inspection; then reinstall for storage. 

E. Store valves and specialties indoors and maintain temperature higher than ambient 
dew-point temperature.  Support off ground or pavement in watertight enclosures if 
outdoor storage is necessary. 

F. Protect stored piping from moisture and dirt.  Elevate above grade.  Do not exceed 
structural capacity of floor if stored inside.  Support pipes to prevent sagging and 
bending.

G. Protect flanges, fittings and piping specialties from moisture and dirt. 

1.8 PROJECT CONDITIONS 

A. Perform site survey, research public utility records and verify existing utility locations.  
Contact utility-locating service for area where Project is located. 

B. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others 
unless permitted under the following conditions and then only after arranging to provide 
temporary utility services according to requirements indicated: 

1. Notify Owner not less than one week in advance of proposed utility interruptions. 
2. Do not proceed with utility interruptions without Owner's written permission. 

1.9 COORDINATION 
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A. Coordinate pipe materials, sizes, entry locations and pressure requirements for fuel oil 
piping systems. 

B. Coordinate installation and set sleeves in poured-in-place concrete and other structural 
components as they are constructed. 

C. Coordinate sizes and locations of concrete-anchors and top pads for UST and AST.  
Include manholes, fill and sounding boxes and vent piping terminals. 

D. Work Interruptions: Leave fuel-oil distribution piping in safe condition if interruptions in 
work occur while alterations or repairs are being made to existing fuel oil piping. 

1.10 WARRANTY 

A. General Warranty:  Special warranty specified in this Article shall not deprive Owner of 
other rights Owner may have under other provisions of the Contract Documents and 
shall be in addition to, and run concurrent with, other warranties made by Contractor 
under requirements of the Contract Documents. 

B. Special Warranty:  Written warranty, executed by fuel-oil storage tank manufacturer 
agreeing to repair or replace tanks that fail in materials or workmanship within specified 
warranty period, provided tanks are installed according to manufacturer's written 
instructions.  Failures include structural failures of tanks, including cracking, breakup, 
and collapse; and failure due to external and internal corrosion if used for storage of 
fuel oils at temperatures not exceeding 150 degrees F. 

C. Warranty Period:  30 years from date of Substantial Completion. 

PART 2  - PRODUCTS 

2.1 PIPING MATERIALS 

A. Refer to Part 3 "Piping Applications" Article for applications of pipe, tube, fitting, 
double-contained piping, and joining materials. 

2.2 PIPES AND TUBES 

A. Steel Pipe: ASTM A 106, seamless, Schedule 40, Grade A or B, black. 

2.3 PIPE AND TUBE FITTINGS 

A. Steel, Welding Fittings: ASTM A 234/A 234M, seamless or welded; ASME B16.9, butt-
welding type or ASME B16.11, socket-welding type. 

B. Steel, Threaded Fittings: ASME B16.11, with threads according to ASME B1.20.1. 

C. Steel Flanges and Flanged Fittings: ASME B16.5. 

D. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150, standard pattern, with 
threads according to ASME B1.20.1. 

E. Malleable-Iron Unions: ASME B16.39, Class 150.  Include brass-to-iron seat, ground 
joint, and threads according to ASME B1.20.1. 
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2.4 NON-METALLIC PIPING 

A. General:  

1. The underground fuel piping shall be non-metallic, have controlled flexibility, and 
be secondarily contained. 

B. Primary Pipe: 

1. The primary pipe shall be suitable for use with a suction pumping system or a 
pressurized submersible pumping system. 

2. The piping system shall be UL/ULC listed for use with diesel fuel, fuel oil, 
gasoline and most petroleum products, as well as alcohol blended fuel up to 100 
percent.

3. The primary pipe shall be a composite construction consisting of an inner layer of 
Nylon 12, an intermediate layer of braided Nylon 6 fiber, and an outer layer of 
polyethylene.

4. A permeation barrier layer shall inhibit permeation of fuels through the piping 
walls.

C. Secondary Containment Jacket: 

1. The secondary containment jacket shall be extruded over the primary pipe. 
2. The jacket shall be air testable. 
3. The jacket shall be separated from the primary pipe by a thin layer of clear Mylar. 
4. Longitudinal stand-off spokes shall separate the primary pipe from the secondary 

jacket.
5. The jacket shall have a polyethylene liner, a permeation barrier and a protective 

polyethylene scuff guard outer layer. 

D. Connection Fittings: 

1. The connection fittings shall be located at the beginning and end of each 
individual length of pipe and shall terminate within piping sumps or inside the 
building.  They shall be accessible for testing or replacement without excavation. 

2. They shall be fabricated of U.N.C. 360 Brass. 
3. Fittings shall be two piece construction, swivel type, shaft and barrel with two 

viton “O” rings which provide the seal between both parts. 
4. Connection to pipe shall be by means of a barbed shaft secured with two piece 

chrome nickel plated high pressure clamp and four nuts and bolts. 

2.5 JOINING MATERIALS 

A. Gaskets for Flanged Joints:  Full faced for cast-iron flanges and ring type for steel 
flanges.  Select materials that suit service of piping in which gasket is installed and is 
not detrimentally affected by chemical and thermal conditions of fuel oil. 

B. Compound Threaded Joints:  Joint compound for threaded joints shall suit service of 
piping in which it is installed and is not detrimentally affected by chemical and thermal 
conditions of fuel oil. 

2.6 PIPING SPECIALTIES 
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A. Tank, Pipe Connectors: Comply with UL 567, swivel or compression type for 
connection to equipment. 

B. Piping, Flexible Connectors: Fabricated from materials suitable for fuel-oil service, 
including 150 psig minimum working-pressure rating, and having threaded ends for 2 
inch NPS and smaller and flanged ends for 2½ inch NPS and larger. 

1. Stainless Steel Hose, Flexible Connectors: Corrugated, stainless-steel, inner 
tubing covered with stainless-steel wire braid.  Include steel nipples or flanges, 
welded to hose. 

C. Strainers: Duplex, full size of connecting piping.  Include stainless-steel screens with 
3/64-inch perforations, except where other screens are indicated. 

1. Pressure Rating:  200 psig WOG working pressure, except where otherwise 
indicated.

2. Cast-iron body, with flanged ends. 

D. Sight Flow Indicators: 

1. Sight flow indicators shall be carbon steel body with viton seals and paddle 
wheel.  End fittings shall be 150 pounds flanged or screwed (female NPT) as 
indicated on the Drawings. 

E. Pressure Gages: 

1. Pressure and vacuum gages shall be suitable for installation in an oil system.  
Gages shall be liquid filled type, with two inch dials and non-corrosive 
movements, set in brass cases, with stop valves for disconnection from the line.  
Pressure gages shall have 0-100 psi total dial graduation; vacuum gages 0-30 
inches total dial graduation. 

F. Y-Strainer for Connection Ahead of all Solenoid Valves as Indicated: 

1. Provide 300 pounds WOG, bronze body with .020 screen perforations.  End 
fittings shall be screwed (female NPT) or flanged as indicated on Drawing.

2.7 VALVES 

A. General 

1. The Contractor shall furnish and install valves shown on the Drawings and all 
valves that are necessary for proper operation and maintenance of systems and 
equipment.  All piping connections to each piece of equipment and all branch 
connections to mains shall have cut-off valves. 

2. All valves shall be designed for the working pressures indicated with the name 
and pressure rating of each valve cast in the body. 

3. Valves of each type shall be of the manufacturer specified or as approved.  Valve 
sizes shall be as indicated on the Drawings. 

4. Valves shall meet the material specifications and pressure and temperature 
limitations of ANSI B31.3, “Petroleum Refinery Piping” or ANSI B31.4 “Liquid 
Petroleum Transportation Piping System” as per NFPA 30A 3-1.1.  As called for 
in ANSI B31.3, valves shall meet all of the requirements outlined in ANSI 16.34. 
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5. The Contractor shall supply the end user’s service personnel with the valve 
manufacturer’s maintenance instructions including in-field valve seal adjustment 
instructions.

B. Ball Valves: 

1. Ball valves shall be of full-port design with three piece carbon steel body and end 
fittings.  Valve body shall have encapsulated body gaskets.  Valve ball and stem 
shall be of stainless steel construction.  Seats shall be made of glass fiber rein-
forced PTFE. 

2. End fittings to be either 150 lb. flanged or socket weld, as indicated on the 
Drawings.

3. Ball valve seating shall be of pre-compressed seat design and shall be field 
adjustable with standard hand tools without removing the valve from the line.  
Design shall allow for repetitive adjustments over several years before seat 
replacement is necessary.  Floating ball type designs are not acceptable.

4. Stem shall be of positive sealing, mechanically live-loaded design incorporating 
Belleville spring washers and double Teflon seal/bushing arrangement.  
Unloaded stem packing designs are not acceptable. 

5. Stem shall be of internal entry, anti-blowout design to prevent inadvertent stem 
removal and possible personal injury while the valve is under pressure. 

6. Manual operator unless otherwise indicated on the Drawings. 

C. Multi-port Ball Valves: True four and five seated 3, 4 and 5-way multi-port valve bolted 
and gasketed valve to allow removal of the body without disassembling the piping.  
Carbon steel body and end fittings.  End fittings shall be 150 pound flanged or socket 
weld as indicated on the Drawings.  Reinforced Teflon seat and seals.  Port con-
figuration as shown on the Drawings.  Stainless steel ball glands.  Manual operator un-
less otherwise indicated on the Drawings.

D. Swing Check: Valve 2½ inches and smaller, 400 pound WOG bronze body with renew-
able bronze disk and integral  seats.  Valve shall be capable of operating in either the 
vertical or horizontal position.  End fittings shall be screwed (female NPT) or flanged as 
indicated on the Drawings.

E. Lift Check Valve 2½ Inches and Smaller: 400 pound WOG bronze body with renewable 
bronze disk and integral seats.  End fittings shall be screwed (female NPT) or flanged 
as indicated on the Drawings.

F. Relief Valve 2½ Inches and Smaller: 300 psig bronze body.  Cadmium plated steel 
spring.  End fittings shall be screwed (female NPT) or flanged as indicated on the 
Drawings.

G. Solenoid Valve 2 Inches and Smaller: Bronze body, viton seats and disks.  Combina-
tion watertight and explosion proof enclosure.  Normally closed valve shall have 
manual operator or position indicator as indicated on the Drawings. End fittings as indi-
cated on the Drawings.  Pilot operated valves shall be capable of operating at OPSI 
pressure differential. 

2.8 SPECIALTY VALVES 

A. Foot Valve ¾ Inch and 1-Inch: Double poppet valve with metal to metal seat, 8 mesh 
screen and extension legs.  Bronze body and poppet. Galvanized brass screen.
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B. Foot Valve 1½ Inches and 2-Inches: Double poppet valve with metal to metal seat, 20 
mesh screen.  Replaceable seats, plated cast iron body with bronze poppets and seats 
and monel screen.

C. Anti-Siphon Valve: Zinc plated cast iron body, precision machined valve seats, Buna-N 
seals.  Valve spring setting shall be field adjustable.

D. Fusible Link Valve (½ inch through 2-inch): Full port, carbon steel body with Type 316 
stainless steel trim and TFE seat.  End fittings shall be 150 lb. flanged or screwed 
(female NPT) as indicated on the Drawings.  Fusible element in handwheel activates at 
165 degrees F with torque handle set for spring-to-close valve operation.  . 

E. Overfill Prevention Valve: 

1. Valve shall restrict the flow rate when tank is 90% full and shall close completely 
when the tank is filled to 95% capacity. 

2. Provide longer tube unit for tank diameters greater than 10 feet. 

2.9 SUBMERSIBLE/CENTRIFUAL PUMPS 

A. Pump shall be of submersible centrifugal type which installs through a standard 4 inch 
threaded tank opening.  Size shall be from  through 5 horsepower, as shown on the 
Drawings.

B. Pump shall be two-stage, self-lubricating and easily removed from the storage tank 
without disconnecting discharge piping.  The pump and motor assembly shall be 
readily separable from the pump column pipe to allow for simple field replacement of 
the pump and motor. 

C. Impellers shall be either splined or keyed to the pump shaft to provide positive, non-slip 
rotation.  Diffusers shall be tightly secured to the lower motor bearing housing to 
prevent rotation. 

D. Pump intake inlet shall be horizontal to prevent drawing sediment from the tank bottom. 

E. Manifold assembly shall be completely sealed against product leakage into the ground 
and exterior water leakage into the storage tank.  The discharge outlet shall be 
standard 3 inch NPT.  The head shall have a built-in air eliminator, line check valve, 
pressure relief valve which relieves to 8-14 psi, and shall contain a built-in siphon 
primer when required. 

F. The motor shall be 208/230 volt, 60 cycle, 3450 rpm, permanent split phase 
capacitance type, continuous duty, rated explosion proof in Class 1, Group D 
flammable solvents. 

G. The motor shall have a quick-disconnect type male/female connector to be readily 
separable for servicing without cutting of splicing of conducting wires. 

2.10 POSITIVE DISPLACEMENT PUMPS 

A. Description:  UL 343, single-stage, internal-gear, positive-displacement, rotary type.  
Include foot-mounted, cast-iron housing; steel gears; bronze bearings; steel shaft; 
mechanical seals; build-in pressure relief bypass; steel base; and drive coupling. 
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1. Drive:  Direct drive, close coupled. 

B. motor:  Split phase for single-phase motors; capacitor start, induction run, totally 
enclosed for 3-phase motors. 

2.11 DOUBLE WALL UNDERGROUND STORAGE TANK 

A. General: 

1. The double wall storage tanks shall be Type S2, pre-engineered, factory 

fabricated, true double walled (360 ) secondary containment in accordance with 
UL standards and so labeled and listed for underground installation.  Materials of 
tank construction shall be compatible with all products being stored.  The outer 
jacket shall cover all straight and girth seams.  There shall be no penetrations of 
any kind through the jacket to the tank except the top entry fittings required for 
monitoring the interstitial space.  The primary and secondary tank wall thickness 
shall conform to UL l58 standards.  The piping chamber shall not penetrate the 
tank primary wall.  Double wall steel tanks shall include provisions to eliminate 
potentially corrosive water vapor from the interstitial space.  The storage tank 
shall have the capacities, maximum overall dimensions and fitting locations as 
shown on the Drawings.  Tank shall be built in conformance with UL 58, UL 1746 
and ACT-100-U standards.

B. Interior Corrosion Protection: 

1. It is the responsibility of the tank manufacturer to provide an interior coating 
compatible with the product being stored in the tank, Perform wet and dry mil 
tests to insure coating integrity. 

2. Primary and secondary welds shall be made in accordance with UL 58 and UL 
1746 for corrosion resistant composite systems.  Flat, minimum ¼ inch thick, 
steel wear (striker) plates shall be centered and welded under each opening.  
Each striker plate shall be at least 12” x 12” in area under each opening.  Wear 
plates shall be sandblasted to insure that they are not anodic to the tank shell. 

C. Electrical Isolation: 

1. Each tank shall be equipped by the tank manufacturer with fittings to electrically 
insulate the tank from piping and other attachments. 

D. Exterior Coating: 

1. The entire exposed exterior surface of each tank shall be provided with a factory 
applied fiber-thane shell bonded firmly to the steel.  The coating shall be applied 
after all bushing and manholes have been installed, immediately after 
sandblasting.  Sandblasting shall be completed in accordance with the Steel 
Structure Painting Council Specifications No. 6 – “Commercial Blast Cleaning”. 

2. The thickness of the completed coating shall be a minimum of 70 mils after 
curing.  The coating’s coefficient of thermal expansion shall be compatible with 
steel so that stress due to temperature changes will not be detrimental to the 
soundness of the coating. 

3. The coating shall be factory inspected for air pockets, cracks, blisters, pinholes 
and holiday tested at not less than the minimum test voltage specified in Table 1 
of the National Association of Corrosion Engineers (NACE) Standard RR-02-74. 
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4. Any defects shall be repaired and the coating retested. 
5. The coating shall be factory checked with a barcol hardness tester or equivalent 

to assure compliance with the manufacturer’s minimum specified hardness 
standard for cured resin.  Tank manufacturer shall provide written certification of 
holiday and hardness testing.  Any coating damaged during loading, unloading, 
transit or installation activities shall be repaired either at the factory or by the 
Contractor in strict accordance with the manufacturer’s recommendations. 

6. The tank manufacturer shall provide personnel and equipment to perform an on-
site spark test of the tank exterior coating; necessary repairs to the coating shall 
be provided by the tank manufacturer. 

E. Ancillary Devices: 

1. Each tank shall include a 2 inch diameter leak detection monitoring column, lifting 
lugs, all connections for product removal, fill and return lines, vent and remote 
reading liquid level gage system.  The tank shall also be equipped with 24” I.D. 
manholes as indicated on the Drawings.  Manholes shall be reverse flange type 
with bolts to attach to 48” diameter pipe/containment sump.  Connection sizes, 
number, type and location shall be as shown on the Drawings, as specified or as 
required for an approved installation. 

F. Labeling: 

1. The tank shall have a label of permanent construction located on the manhole 
cover which contains the maker’s name and address, gages of thickness of the 
metal of which the tank is construction, month and year of manufacture, tank 
capacity in gallons, serial number and standards of construction.  The tank shall 
also be permanently marked in a prominent place (on the tank head or shell) with 
important handling, safety, manufacturing and installation instructions.  Gross 
weight shall be labeled near the lifting lugs. 

G. Factory Pressure Tests: 

1. To assure tightness of all welds, seams and fittings, the tank shall be factory 
tested with compressed air at 5 psig, or greater if local codes so state, prior to 
permanent placement of the secondary jacket.  All fittings, seals and visible dents 
shall be soaped during the pressure test period and inspected for bubbling.  
Subsequent to placement of the secondary jacket, the interstitial space shall be 
factory pressure tested to 3 psig with fittings, welds and seams on the inner and 
outer jackets soaped and inspected for bubbling.  Pressure testing shall be in 
accordance with UL 58 standards and procedures and guaranteed by the 
manufacturer to be tight.  The manufacturer shall witness all tests and provide 
certifications of all test results in writing to the Owner. 

H. Anchoring: 

1. Hold down straps and dielectric isolation pads, where required, shall be provided 
by tank manufacturer.  All straps, angles, nuts, bolts and washers shall be 
fabricated of stainless steel or completely hot dip galvanized.  Touchup of any 
coating damaged during installation shall be to original thickness.  Hold down 
straps shall be adjustable after partial backfilling.  Refer to Drawings of detail of 
hold down concrete slab and minimum quantity, size and spacing of hold down 
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straps.  Hold down concrete slab, straps and anchors shall be designed to offset 
buoyant force on empty installed and backfilled tank with water table above 
grade level. 

I. Manholes: 

1. Storage tank manhole shall be factory installed bolted cover type. 
2. Number, size and location shall be as shown on the Drawings or as specified.  

Manhole shall be sealed with a gasket material which is compatible with tank 
contents.  The gasket shall be not less than  thick.  Nuts and bolts shall be 
stainless steel.  Gaskets, bolts and covers shall be UL listed. 

J. Warranty: 

1. Primary and secondary containment shall carry a 30 year unconditional warranty 
covering materials and workmanship.  The tank shall be warranted by the 
manufacturer  or have an equivalent third party warranty covering structural 
failure such as cracking, rupture or collapse for the life of the installation and 
covering leakage due to corrosion for 30 years minimum when the tank is 
installed in accordance with the manufacturer’s instructions.  The secondary 
containment monitoring system shall carry a one year warranty covering 
materials and workmanship. 

K. Markings: 

1. Adjacent to each threaded tank opening, the following shall be stenciled on the 
tank: non-metallic, dielectric fitting, do not remove, do not cross thread. 

L. Compliance Regulations: 

1. Construction and testing of the tanks shall be in accordance with the latest 
issues of the applicable guidelines, rules and standards of the following relevant 
codes:

a. Underwriters’ Laboratories, Inc. UL 58, UL 1746. 
b. National Fire Protection Association Specifications NFPA 30 and NFPA 31. 
c. United States UPA Regulations. 
d. State Fire Marshall Codes. 
e. Any other applicable Federal, State or local codes. 

M. Installation: 

1. Tanks shall be installed in accordance with the manufacturer’s recommendations 
and with the Steel Tank Institute (STI) installation instructions. 

2. Complete and submit to the Owner the STI installation checklist 

N. Testing: 

1. Perform tank testing as indicated on the Drawings and as required by State 
codes.
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2.12 EXTERIOR ABOVEGROUND DOUBLE WALL STORAGE TANK 

A. General: 

1. The aboveground, double walled, storage tank shall be a horizontal, rectangular 
or cylindrical tank. 

2. The storage tank shall consist of a fully listed, double wall, steel tank assembly, 
surrounded by six inches of lightweight concrete and enclosed with exterior steel 
shell.

3. The tank shall bear the appropriate UL label for aboveground storage tanks. 
4. The tank shall comply with UL2085, UL142/NFPA 30, UFC A-11-F-1 (UFC79-7)  

Standards and shall have primary and emergency vents on the primary tank and 
on the secondary tank. 

5. The tank shall have the capacity, dimensions and fitting locations as shown on 
the drawings and specifications. 

6. Provide integral spill containment fill box. 
7. Provide access stairs and platform, hot dip galvanized as shown and specified on 

drawings.  Stairs and platform shall comply with applicable OSHA codes and be 
furnished by the tank manufacturer. 

B. Tank Coating 

1. The tank exterior shall be factory coated by the tank manufacturer. 
2. Provide one gallon of finish paint at each location for future touchup. 

C. Concrete Fill 

1. Tank shall be enclosed on all sides, top and bottom with 6 inches of lightweight 
concrete.

2. Tank shall be filled at the factory under factory representative supervision with 
impact and projectile resistant lightweight concrete. 

D. Labeling 

1. Each tank shall have a label of permanent construction cover which contains the 
maker’s name and address, month and year of manufacture, tank capacity in 
gallons, serial number and standards of construction. Gross weight shall be 
labeled.

E. Anchoring 

1. Saddles and anchoring channels shall be provided by tank manufacturer. All 
angles, nuts, bolts and washers, shall be fabricated of stainless steel or 
completely hot dip galvanized.  Touch-up of any coating damaged during 
installation shall be to original thickness. 

F. Warranty 

1. Primary and secondary containment shall carry a 30-year unconditional warranty 
covering materials and workmanship.  The tank shall be warranted by the 
manufacturer or have and equivalent third party warranty covering structural 
failure such as cracking, rupture or collapse for the life of the installation and 
covering leakage due to corrosion for 30 years minimum when the tank is 
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installed in accordance with the manufacturer’s instructions. 

G. Compliance Regulations 

1. Construction and testing of the tanks shall be in accordance with the latest 
issues of the applicable guidelines, rules and standards of the following relevant 
codes:

a. Underwriters Laboratories, Inc. UL 2085 and UL 142. 
b. National Fire Protection Association Specifications NFPA30 and NFPA31. 
c. Uniform Fire Code A-11-F-1 (also call UFC 79-7) 
d. U.S. EPA regulations. 

2.13  DAY TANKS 

A. General: 

1. The aboveground, double walled storage tank shall be a horizontal rectangular 
tank.

2. The storage tank shall consist of a fully listed, double wall steel tank assembly. 
3. The tank shall bear the appropriate UL label for aboveground storage tanks. 
4. The tank shall comply with UL 142/NFPA 30, UFC A-11-F-1 (UFC 79-7) 

Standards and shall have primary and emergency vents on the primary tank and 
on the secondary tank. 

5. The tank shall have the capacity, dimensions and fitting locations as shown on 
the Drawings and in the Specifications. 

B. Tank Coating: 

1. The tank exterior shall be factory coated by the tank manufacturer. 
2. Provide one gallon of finish paint at each location for future touchup. 

C. Labeling: 

1. Each tank shall have a label of permanent construction cover which contains the 
maker’s name and address, month and year of manufacturer, tank capacity in 
gallons, serial number and standards of construction.  Gross weight shall be 
labeled.

D. Anchoring: 

1. Saddles and anchoring channels shall be provided by tank manufacturer.  All 
angles, nuts, bolts and washers shall be fabricated of stainless steel or 
completely hot dip galvanized.  Touchup of any coating damaged during 
installation shall be to original thickness. 

E. Compliance Regulations: 

1. Construction and testing of the tanks shall be in accordance with the latest 
issues of the applicable guidelines, rules and standards of the following relevant 
codes:

a. Underwriters’ Laboratories, Inc. UL 142. 
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b. National Fire Protection Association Specifications NFPA 30 and NFPA 31. 
c. Uniform Fire Code A-11-F-1 (also called UFC 79-7). 
d. United States EPA Regulations. 

F. Warranty 

1. Written warranty, executed by the fuel oil day tank manufacturer, agreeing to 
repair or replace day tank and/or components that fail in material or workmanship 
within the specified warranty period, provided installed according to 
manufacturer’s written instructions. 

2. Warranty Period: One year from date of shipment. 

2.14 FUEL-OIL STORAGE TANK FITTINGS AND ACCESSORIES (UST) 

A. Tank Manholes (Piping): 24 inch diameter, bolted, reverse flanged and gasketed for 
containment sump operation. 

B. Threaded pipe connection fittings on top of tanks, for fill, supply, return, vent, sounding 
and gauging, in locations and of sizes indicated.  Provide with cast-iron plugs for 
shipping.

C. Striker Plates: Inside tank, on bottom below fill, sounding vent, gage and other tube 
openings.

D. Lifting Lugs: For handling and installation. 

E. Containment Sumps: Fiber glass or PE, sump base, add-on extension pieces as 
required, sump top, lid and gasket-seal joints.  Include bulkhead fittings for pipe 
penetrations through sidewalls. 

F. Bulkhead Fittings: Two-part pipe fitting for field assembly and of size required to fit over 
pipe.  Include gaskets shaped to fit sump sidewall, sleeves, seals and clamps as 
required for liquid-tight pipe penetrations. 

G. Filter Mat: Geotextile woven or spun filter fabric, in one or more layers, for minimum 
total weight of 3.0 oz./sq. yd. 

2.15 FUEL-OIL STORAGE TANK FITTINGS & ACCESSORIES (AST) 

A. Tank Manholes: 22- to 24-inch diameter; bolted, flanged and gasketed; centered on top 
of tank. 

B. Threaded pipe connection fittings on top of tanks, for fill, supply, return, vent, sounding 
and gauging.  Include cast-iron plugs for shipping. 

C. Striker Plates: Inside tank, on bottom below fill, sounding vent, gage, and other tube 
openings.

D. Lifting Lugs: For handling and installation. 

E. Ladders: Carbon-steel ladder inside tank, anchored to top and bottom, and located as 
indicated.  Include reinforcement of tank at bottom of ladder. 
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2.16 FUEL-OIL TANK SPECIALTY FITTINGS 

A. Spill-Containment Fill Boxes: 

1. Provide spill containment fill box,  
2. Fill box shall equipped with a hinged lockable watertight cover and manual pull 

drain valve. 
3. Capacity shall be 15 gallons. (UST) or 5 gallons (AST) 

B. Supply and Sounding Drop Tubes: Fuel-oil supply piping or fitting, inside tank, 
terminating 6 inches above bottom of tank, and with end cut at a 45-degree angle. 

C. Pipe Adapters and Extensions: Compatible with piping and fittings. 

D. Weatherproof Vent Cap:   

1. Emergency Vent: 

a. 8 ounce/square inch, or as approved.  Emergency vents shall be 
constructed with aluminum bodies, cast iron covers and brass seat rings.  
Sizes shall be as indicated on the Drawings. 

E. Fill Caps: Locking type cap for standard padlock and adapter. 

F. Monitoring Well Caps: Locking pipe plugs and manholes. 

2.17 GRADE MANHOLES 

A. Cast Iron Frame and Cover: Heavy-duty, water-resistant, cast-iron manhole frame, 
gasket and bolted cover; 24-inch-diameter inside opening dimension; 8-inch frame riser 
height.

2.18 LEAK-DETECTION AND MONITORING SYSTEM 

A. The in-tank monitoring system shall be a combined inventory control and in-tank leak 
detection system for use in up to eight tanks.

B. Hardware:  The control unit shall be wall mounted and shall contain the following: 

1. A liquid crystal display for on-site viewing of all inventory, leak detect and alarm 
information.

2. An internal printer with built-in take up spool for system reports and alarm 
notification.

3. A front panel keyboard with control and alphanumeric functions for programming, 
operating and reporting. 

4. Three front panel LED’s to provide a visual indication of power-on, warning and 
alarm conditions. 

5. An internal audible warning and alarm indicator. 
6. A 4-relay output module programmable to alarm limits and capable of actuating 

external alarm devices. 
7. A 4-input in-tank probe module compatible with capacitance probes and 

magnetostrictive probes. 
8. An 8-input sensor module compatible with sump and/or interstitial float switch 
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sensors.
9. Underwriter's Laboratory (UL) listed. 
10. Intrinsically safe. 
11. An RS-232 communications device for data transmission to a computer or 

printing device. 

C. Tank Probe: The tank probe shall be magnetostrictive type with built-in diagnostics as 
follows:

1. Capable of utilizing standard gas and oil-resistant stranded wire between 14 
AWG and 18 AWG for field connections. 

2. No more than two wires between each probe and the control console. 
3. Leak detection capability of 0.1 gph. 
4. Third-party certification according to U.S. EPA's "Automatic Tank Gauging". 

D. Single-cable interstitial sensing elements capable of detecting fuel or water as follows: 

1. Capable of utilizing standard gas and oil resistant stranded wire. 
2. No more than two wires between each sump and/or interstitial sensor and the 

control console. 
3. Furnish and install sensing elements as scheduled on the Drawings. 

E. Operating Capabilities: 

1. The system shall have the capability to monitor inventory in up to 8 tanks and 
produce a combination of automatic and manual reports which include the 
following information: 

a. Gallons of fuel 
b. Inches of fuel 
c. Inches of water 
d. Temperature 
e. Ullage 
f. Time and date 
g. Tank identification 
h. Fuel identification 
i. Temperature compensated fuel volume 
j. Last inventory increase amount 
k. 90-percent ullage 

2. The ability to perform both automatic and manually activated leak detection tests, 
in compliance with Federal EPA Regulations 40 CFR Part 280, which includes a 
leak analysis report.  This leak analysis report must indicate tanks failing a test, 
tanks passing a test and tanks invalidated from a test, as well as the reasons for 
the invalidation. 

3. The ability to monitor up to 64 interstitial areas and containment sumps. 
4. The ability to monitor up to 8 line leak detectors. 
5. The ability to monitor up to 40 vapor sensor and ground water sensors. 
6. Computer formatted and printing terminal formatted reports. 
7. Programmable automatic report times. 
8. Programmable Fuel Thermal Coefficient of Expansion (FTCE). 
9. Manifold tank capacity. 
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10. Store in memory at least 10 delivery reports per tank. 
11. Provide alarm history reports on demand, locally or remotely. 
12. Provide flexible console profile setup with U.S. or metric measurements. 
13. The system shall include emergency generator feature. 
14. Programmable alarm limits to warn of: 

a. Leaks 
b. Overfills 
c. High water 
d. Low inventory 
e. Thefts 
f. External input alarm 
g. High level 

15. System must be capable of the following performance specifications in a 10,000 
gallon tank: 

a. Height of Fuel:  Plus or minus 0.1-inch. 
b. Volume of Fuel:  Plus or minus 15 gallons. 
c. Height of Water:  To 5-inches. 
d. Fuel Temperature:  To +/-1.5 degrees F. 
e. Time:  Plus or minus 1 min/week. 
f. Leak detection rate of 0.1 gph or greater. 

16. Automatic inventory increase (delivery) report consisting of: 

a. Delivery start time and date 
b. Beginning inventory 
c. Fuel temperature 
d. Delivery end time and date 
e. Ending inventory 
f. Ending fuel temperature 
g. Net increase 

2.19 OVERFILL ALARM 

A. The overfill alarm shall be manufactured by the leak detection and monitoring panel 
manufacturer. The unit shall be complete with red warning light, horn and alarm 
acknowledgement switch. 

B. The reset switch shall silence and reset the alarm horn.  A one minute time delay shall 
automatically silence and reset the horn. 

2.20 FUEL MONITORING AND MAINTENANCE SYSTEM 

A. General Description and Requirements: 

1. Provide a complete and operating standalone fuel monitoring and maintenance 
system as specified hereinafter.  The system and related products shall consist 
of all necessary components to provide the functions and facilities described and 
obtain the necessary approvals.  System shall comply with all applicable codes, 
rules and regulations.  When standards differ or codes conflict with one another, 
provide the larger, higher or more restrictive standard. 
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2. The supplier shall supply the system as a single source of responsibility for a 
complete and operating system from a single manufacturer. 

B. Submittals: 

1. Material lists and manufacturers’ catalog descriptive and data sheets include: 

a. Filtration removal in microns for each filter. 
b. Flow capacity. 
c. Operating temperatures. 
d. Controller performance. 
e. Emulsion water removal. 

2. Shop drawings with installation details include: 

a. Overall width, length and height. 
b. Mounting hole locations and anchorage details. 
c. Plumbing connections. 
d. Electrical connections. 
e. Total wet and dry weight. 
f. Complete electrical and piping schematics and description of operation. 

C. Spare Parts: 

1. Furnish the following spare parts: 

a. Six of each type of filter. 

D. Scope: 

1. Provide and install the automated fuel monitoring and maintenance system for 
each fuel source complete with multiple stage filters, electrical motor and 
circulating pump, industrial PLC (programmable logic controller), fully graphic 
central monitoring communications port, control relays, mechanical pressure 
gages, connections, leak detection sensors, alarms and all other accessories 
and appurtenances which will result in a complete and operating system. 

2. Provide and install fuel treatment package for the removal of condensation in the 
fuel oil tank.  The fuel treatment package shall inhibit the growth of bacteria and 
fungus and prevent organic contamination in the fuel oil. 

3. Provide on-site a 55 gallon Xsorb Response Spill Kit, meeting EPA compliance 
for stored fuel oil. 

E. Fuel Monitoring and Maintenance System 

1. The fuel monitoring and maintenance system shall be capable of water removal 
of 99%.  It shall be a multiple stage filtration and monitoring system providing the 
following at a minimum: 

a. UL listed control panel 
b. 150 micron wire mesh cartridge type strainer/bulk water separator. 
c. 10 micron 95% spin-on type particulate and entrained water removal 

media.
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d. 2 micron fine finish emulsion water removal at 99% media spin-on 
canister.

e. High water alarm. 
f. Change filter alarm. 
g. Leak alarm. 

2. The electric motor shall be 1½ horsepower, 240V, single phase, 60 HZ.  Each 
motor shall have a starter with thermal overload protection which is read through 
the PLC. 

3. System control circuit shall be 120 VAC. 
4. The combination mechanical gage and electrical switches shall have a 

polycarbonate glass case with a stainless steel bevel and a high impact 
polycarbonate lens. 

5. Control box enclosure shall be metal.  Seals shall be neoprene or foamed 
polyurethane gaskets.  Cover screws shall be used outside of the seal. 

F. Fuel Treatment Package: 

1. The fuel treatment shall be equivalent to the ILFC 1001 fuel stabilization 
treatment package for organic contamination containing oil soluble 
organometallic compounds, manganese and other materials.  It is designed to be 
completely soluble in fuel oil and can be added directly to stored fuel. 

G. Spill Response Kit: 

1, The spill response kit shall be equivalent to Xsorb XKD55 Spill Response Kit 
containing a 55 gallon drum of absorbents to include pads, socks, sweep, safety 
glasses and gloves. 

H. Fuel Storage Base, Underground Tank 

1. The automated fuel monitoring and maintenance system shall be mounted and 
wired in a NEMA/CSA Type 4, Type 12 and Type 13 enclosure, with a monitored 
containment area ensuring environmental protection and providing the following 
stages of decontamination at a minimum: 

a. 150 micron cartridge type strainer/water separator. 
b. Bulk water and large particulate removal. 
c. 10 micron 95% water removal medial spin-on canister element. 
d. Entrained water and particulate removal. 
e. 2 micron 99% water removal, fine finish media spin-on canister type 

element.

2. Provide leak detection sensor wired to the building alarm system. 

2.21 SOURCE QUALITY CONTROL 

A. Perform factory tests, according to UL 142, after fabrication and before shipment. 

B. Perform factory tests, according to UL 142, STI F921, and STI R931, after fabrication 
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and before shipment. 

C. Perform factory tests, according to UL 142 and STI F911, after fabrication and before 
shipment.

D. Perform factory tests, according to UL 142 and UL 2085, after fabrication and before 
shipment.

2.22 FUEL OIL SYSTEM CONTROLS 

A. System Configuration 

1. Each of the day tanks in the fuel distribution system shall be controlled by a 
dedicated control panel.  The control panel shall provide complete logic control 
for the day tank independently of other day tanks in the system. 

2. Main tank selection shall be provided by a control panel dedicated for tank 
selection and pump operation only.  This control panel may not provide logic 
control for any day tanks or other devices in the system. 

B. Controls 

1. General: The control panels shall be factory assembled, pre-wired and housed in 
a NEMA 4 enclosure.  All control devices shall be factory wired to a numbered 
terminal strip.  All panel factory wiring shall be labeled at both ends.  Fully 
labeled wiring diagrams shall be included with the panel. 

2. Automatic Commissioning Feature: The day tank control panel shall be provided 
with an automatic commissioning feature that will allow for automatic testing of 
the control system.  The automatic commissioning feature shall functionally test 
all valves, level control devices, level alarms, system logic and other devices in 
the panel without manual intervention from the operator.  The test sequence shall 
automatically drain fuel from the tank by use of either permanently installed 
return pumps or automatic control valves.  During the drain and refill sequence, 
all programmed actuation levels shall be tested and displayed by the control 
panel.

3. Shop Drawings: Provide shop drawings in accordance with the general 
conditions.  Shop drawings shall include: 

a. Complete ladder diagram depicting all control panel internal wiring for both 
the power circuits and control circuits. 

b. Scaled drawing of the control panel internal components. 
c. Full scale color drawing of the control panel face. 
d. Complete material list of all components including manufacturer and model 

number.

4. Programmable Logic Controller (PLC): The PLC shall have non-volatile memory.  
After power is restored, control panels shall automatically return to the same 
state a before the power interruption without the need to activate the panel reset 
button or reselection of any control functions. 

5. PLC Expansion Modules: Control panels shall be provided with digital and analog 
expansion modules as required to provide control functions described. 

6. Circuit Protection: Main power and internal circuit protection shall be provided by 
circuit breakers.  Where the sequence of operation calls for circuit monitoring, the 
circuit breakers shall be equipped with auxiliary contacts that are monitored 
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through the PLC.  Fuses are not an acceptable means of circuit protection. 
7. Pilot Lights: All indicator lights shall be LED.  A single push-to-test feature shall 

illuminate all lights simultaneously for testing. 
8. Alarm Horn: All alarm conditions shall be accompanied by an audible alarm.  The 

horn may be silenced by a “Silence Button”. 
9. Panel Face Graphics: Each control panel shall include a graphic display of the 

components being controlled.  The graphic display shall be custom designed and 
printed for the specific application, including all device and component labels.  
The display shall be permanently attached to the panel face with appropriate 
indicator lights for all conditions both normal and alarm.  The pilot lights shall be 
located adjacent to the devices they depict on the panel face graphic display.  
Touch screens are not acceptable for this purpose. 

10. Internal Modem: Each control panel shall be equipped with an internal modem to 
allow remote access to the PLC programming and status functions.  The modem 
need not be permanently connected to a phone line.  A non-dedicated phone line 
may be connected to the modem as required to allow program changes and 
remote interrogation of the PLC for the purpose of trouble shooting control 
problems.

11. Communication Between System Control Panels: Control information that is 
required to be shared between control panels, such as signal from day tank 
panel to pump control panel to start fuel pump, shall be transmitted via 
communication bus. 

12. Control Valves: Day tank control valves shall be motor actuated ball valves.  
Valves shall have stainless steel bodies.  All wetted parts shall be compatible 
with diesel fuel and kerosene.  Valve action shall be normally closed spring 
return actuators.  Valve position indication shall be provided by internal end 
switch in the valve actuator. 

13. Day Tank Level Controls: Level controls shall be ultrasonic, non-contact devices.  
Individual contact type float switches are not acceptable level control devices. 

14. Day Tank Fuel Level: An LED readout shall display the fuel volume in the day 
tank.  Indication shall read in gallons to the nearest whole gallon. 

15. Day Tank Control Panel: 

a. General: The day tank control panel shall be powered by two diverse 120 
VAC power sources.  Logic control shall be provided by a single PLC along 
with any required expansion modules.  A modem module shall allow the 
PLC status to be viewed remotely and program changes to be made 
remotely.  Dual ultrasonic level transmitters shall provide analog fuel level 
for control of the system.  A failure of either transmitter will not affect 
system operation. 

b. Sequence of Operation: Fuel level in the day tank is maintained between 
75% and 85% capacity by volume.  There are two control valves, CV-1 and 
CV-2, piped into parallel fluid circuits to the day tank.  As fuel is consumed 
and reaches 75%, a call to refill is initiated. 

1) Control valves CV-1 and CV-2 are energized.  End switches in the 
valve actuators provide valve position indication to the PLC.  If either 
valve fails to open, a local alarm is activated at the control panel. 

2) A signal is transmitted via the communication bus to the fuel pump 
control panel to start the selected fuel pump.  The day tank begins to 
refill.

3) When the fuel level in the day tank reaches 85%, the control valves 
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are de-energized and the pump start signal is cancelled.  Control 
valves close and pumps shut down. 

c. Alarm Conditions: Alarm conditions shall be indicated by red pilot lights on 
the graphic control panel display.  The lights shall remain illuminated until 
the alarm condition clears and the reset button is activated.  An audible 
alarm at the control panel shall remain on until manually silenced.  The 
following alarm conditions shall be provided: 

1) Day tank high level at 90%. 
2) Day tank low level at 60%. 
3) Day tank critical low level at 10%.  Interposing relay shall be provided 

to interface with generator to automatically shut down generator. 
4) Leak (fluid in day tank annular space). 
5) Control valve CV-1 fail. 
6) Control valve CV-2 fail. 
7) Control valve CV-1 circuit breaker tripped. 
8) Control valve CV-2 circuit breaker tripped. 
9) Level transmitter ‘A’ fail. 
10) Level transmitter ‘B’ fail. 

d. Remote Annunciation: The day tank control panel shall be capable of 
interfacing with the building automation system via Ethernet.  All status 
conditions shall be made available for interface including normal status 
conditions, alarm conditions, fuel level and power failure. 

e. Automatic Commissioning Feature: A key lock shall activate the automatic 
commissioning feature.  In the event the test must be cancelled prior to 
completion, a manual override shall be provided to cancel and test and 
return the system to normal operation. 

1) Activate key switch. 
2) All pilot lights illuminate and horn is activated for 15 seconds. 
3) Drain valve cycles open (or return pump is energized).  Fuel level 

begins to lower. 
4) When fuel level reaches 60%, low level alarm is activated.  Horn 

automatically silences after five seconds.  Observe fuel level on the 
digital gage. 

5) When fuel level reaches 10%, critical low level alarm is activated.  
Alarm horn is automatically silenced after five seconds.  Observe fuel 
level in digital gage. 

6) System stabilizes for 30 seconds. 
7) Automatic mode is restored to the system.  The day tank begins to 

refill.
8) When the fuel level reaches 20%, power to level transmitter ‘A’ is 

interrupted.  Failure light and horn may be observed.  Alarm horn is 
automatically silenced after five seconds. 

9) When the fuel level reaches 30%, power is restored to level 
transmitter ‘A’. 

10) When the fuel level reaches 40%, power to level transmitter ‘B’ is 
interrupted.  Failure light and horn may be observed.  Alarm horn is 
automatically silenced after five seconds. 
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11) When the fuel level reaches 50%, power is restored to level 
transmitter ‘B’. 

12) When the fuel level reaches 60%, power is interrupted to control 
valves CV-1 and CV-2.  Failure lights and horn may be observed.  
Alarm horn is automatically silenced after five seconds. 

13) The system stabilizes for 15 seconds.  Power is restored to both 
control valves.  The day tank begins to refill.  When the fuel level 
reaches 85% (normal fill level), control valves CV-1 and CV-2 de-
energize.  System is a “Normal Fill Level”. 

14) The system stabilizes for 15 seconds.  Control valve CV-1 is 
energized.  The system begins to overfill.  When fuel level reaches 
90%, high level alarm is activated.  Horn automatically silences after 
five seconds.  Observe fuel level on the digital gage.  Control valve 
CV-1 is de-energized. 

15) Drain valve cycles open (or return pump is energized).  Fuel level 
begins to lower.  Drain valve is de-energized when the fuel level 
reaches 85% (normal fill level). 

16) Test complete. 

16. Tank Selector and Fuel Pump Control Panel 

a. General: A push-button shall be provided for selection of any of the primary 
storage tanks.  The tank selector and fuel pump control panel shall be 
powered by two diverse dedicated 120 VAC power sources.  Logic control 
shall be provided by two PLC’s along with any required expansion 
modules.  PLC ‘A’ shall be the primary controller and provide logic control 
for the system.  If PLC ‘A’ fails, logic control is automatically switched to 
PLC ‘B’.  A modem module shall allow the PLC status to be viewed 
remotely and program changes made remotely.  An Ethernet module shall 
provide interface capability to the building automation system for all status 
and alarm conditions. 

b. Sequence of Operation: On initial startup, a primary storage tank is 
selected via push-button on the graphic panel face.  The lead-lag pumps 
for the selected tank are initialized but do not start until a signal is received 
from a day tank calling for refill.  When a refill request from a day tank is 
received via the communications bus, an interposing relay for the lead fuel 
transfer pump is energized.  When the day tank is full and the fill request 
complete, the fill request signal is cancelled and the pump is de-energized. 

1) Pump Starters: The pump starters for each of the fuel pumps are 
housed in a dedicated enclosure.  Each pump starter shall be 
equipped with a control transformer and a HAND-OFF-AUTO switch 
to allow any pump to be started independently of the control panel. 

2) Pump Lead/Lag: If the lead pump fails after 15 seconds, it is de-
energized and the lag pump is energized.  Lead pump failure is 
sensed by an adjustable current sensor.  If the lag pump fails after 15 
seconds, the system automatically switches to the next available tank 
on the system.  The lead/lag sequence once again begins. 

3) Low Level: The control panel shall be capable of accepting a digital 
low level signal from each of the primary storage tanks.  Upon low 
level indication, the system shall automatically switch to the next 
available storage tank. 
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4) Pump Manual Operation: Each of the pumps shall be provided with a 
HAND-OFF-AUTO switch on the panel face adjacent to the pump it 
operates to allow the pump to be started in the “HAND” position. 

c. Return Valve Operation: A motor actuated multi-port ball valve diverts the 
fuel oil return and overflow to the selected primary storage tank.  The 
control panel shall automatically cycle the control valve to the selected 
tank.  End switches in the valve actuator provide valve position indication to 
the PLC.  If the valve fails to cycle to the current position in 15 seconds, a 
local alarm is activated at the control panel. 

d. Alarm Conditions: Alarm conditions shall be indicated by red pilot lights on 
the graphic control panel display.  The lights shall remain illuminated until 
the alarm condition clears and the reset button is activated.  An audible 
alarm at the control panel shall remain on until manually silenced.  The 
following alarm conditions shall be provided: 

1) Power Source ‘A’ Fail 
2) Power Source ‘B’ Fail 
3) Power Source ‘A’ Circuit Breaker Tripped 
4) Power Source ‘B’ Circuit Breaker Tripped 
5) PLC ‘A’ Fail 
6) PLC ‘B’ Fail 
7) PLC ‘A’ Circuit Breaker Tripped 
8) PLC ’B’ Circuit Breaker Tripped 
9) Return Valve Synchronization Error 
10) Pump FOP-1A, Fail 
11) Pump FOP-1B, Fail 
12) Pump FOP-2A, Fail 
13) Pump FOP-2B, Fail 
14) Pump FOP-1A, HOA Not in Auto 
15) Pump FOP-1B, HOA Not in Auto 
16) Pump FOP-2A, HOA Not in Auto 
17) Pump FOP-2B, HOA Not in Auto 

e. Remote Annunciation: The day tank control panel shall be capable of 
interfacing with the building automation system via Ethernet.  All status 
conditions shall be made available for interface including normal status 
conditions, alarm conditions, fuel level and power failure. 

PART 3  - EXECUTION 

3.1 EARTHWORK 

A. Excavation, trenching and backfilling are specified in Division 2 Section "Earthwork". 

3.2 CONCRETE BASES 

A. Install concrete slab of dimensions indicated for relocated fuel tank.  Refer to Division 3 
Section "Cast-in-Place Concrete".

3.3 PIPING APPLICATIONS 
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A. Use flanges, unions, transition and special fittings, and valves with pressure ratings 
same or higher than system's pressure rating in aboveground and containment sump 
applications, unless otherwise indicated. 

B. Aboveground, Fuel Oil Piping and Vent Piping: Use the following: 

1. 2-Inch NPS and Smaller: Steel pipe, steel welding fittings and welded joints. 
2. 2½ Inch NPS and Larger: Steel pipe, steel welding fittings and welded joints. 
3. Secondary Containment Piping: Steel pipe, steel welding fittings and welded 

joints.

C. Underground, Fuel Oil Piping:  Use the following: 

1. ½ to 3 Inch NPS: Flexible, double-contained pipe and fittings for flexible pipe. 
2. 4 Inch NPS: RTRP double-contained piping. 

D. Underground, Fuel Oil Tank Fill Piping:  Use the following: 

1. 4-Inch NPS and Smaller:  RTRP and RTRP fittings. 

E. Underground, Gage and Vent Piping:  Use the following: 

1. 2 inch NPS and larger flexible pipe and fittings for flexible pipe may be used for 
vent piping, underground only. 

3.4 VALVE APPLICATIONS 

A. Drawings indicate valve types to be used.  Where specific valve types are not 
indicated, the following requirements apply: 

1. Shutoff Duty: Use ball valves. 

3.5 JOINT CONSTRUCTION 

A. Refer to Division 2 Section "Utility Materials" for basic piping joint construction. 

B. Make bonded joints for RTRP piping with adhesives according to manufacturer's 
written instructions. 

3.6 FUEL-OIL STORAGE TANK INSTALLATION (AST) 

A. Install fuel-oil storage tanks according to manufacturer's written instructions and 
standards specified. 

B. Install tank bases and supports. 

C. Set tanks on bases and supports. 

D. Install piping connections and vent fittings. 

E. Install ground connections. 

F. Install tank leak-detection and -monitoring devices. 
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G. Install fuel-oil storage tanks according to STI R912. 

H. Install fuel-oil storage tanks according to STI R912 and STI R942. 

3.7 FUEL-OIL STORAGE TANK INSTALLATION (UST) 

A. Install fuel-oil storage tanks according to manufacturer's written instructions and 
standards specified. 

B. Excavate to sufficient depth for a minimum of 3 feet of earth cover from top of tank to 
finished grade.  Allow for cast-in-place, concrete-ballast base plus 6 inches of sand or 
pea gravel between ballast base and tank.  Extend excavation at least 12 inches 
around perimeter of tank. 

C. Set tiedown eyelets for hold-down straps in concrete-ballast base and tie to reinforcing 
steel.

D. Place 6 inches of clean sand or pea gravel on top of concrete-ballast base. 

E. Set tank on fill materials and install hold-down straps. 

F. Install piping connections. 

G. Install tank leak-detection and -monitoring devices. 

H. Install containment sumps. 

I. Backfill excavation with clean sand or pea gravel in 12-inch lifts and tamp backfill lift to 
consolidate.

J. Install filter mat between top of backfill material and earth fill. 

K. Install fuel-oil storage tanks according to STI R821 and STI R891.  Protect anodes 
during tank placement and backfilling operations. 

L. Install fuel-oil storage tanks according to STI R913 and STI R891. 

M. Install fuel-oil storage tanks according to STI R923 and STI R891. 

N. Install fuel-oil storage tanks with fiberglass-reinforced-plastic hold-down straps, 
manhole extensions, and manhole risers. 

3.8 CONCRETE BASES 

A. Construct fuel-oil storage tank concrete-ballast and -surface bases according to tank 
manufacturer's setting templates for anchor bolt and tie locations.  Use 3000 psi, 28-
day compressive-strength concrete. 

B. Construct concrete tank and equipment bases according to supported tank and 
equipment manufacturer's setting templates for anchor bolt and tie locations.  Use 
3000 psi, 28-day compressive-strength concrete. 

C. Refer to Division 3 Section "Cast-in-Place Concrete" for concrete. 
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D. Refer to Division 2 Section "Utility Materials" for grout. 

3.9 PIPING INSTALLATION 

A. Install piping free of sags and bends. 

B. Locate groups of pipes parallel to each other, spaced to permit valve servicing. 

C. Install fittings for changes in direction and branch connections. 

D. Install rigid, underground, double-contained, fill and vent piping at a minimum uniform 
slope of 0.2 percent downward toward fuel-oil storage tank sump. 

E. Install flexible, double-contained, fuel-oil pipe at a minimum slope of 1 percent 
downward toward fuel-oil storage tank sump. 

F. Install flexible, vent pipe at a minimum slope of 2 percent downward toward fuel-oil 
storage tank sump. 

G. Assemble and install bulkhead fittings for pipe penetrations through storage tank sump 
sidewalls.  Follow fitting manufacturer's written instructions and use components 
required for liquid-tight joints. 

H. Install reductions in pipe sizes using eccentric reducer fittings.  Install fitting with level 
side down. 

I. Install tank, pipe connectors at piping connections to UST. 

J. Install piping, flexible connectors at piping connections to vibration-producing 
equipment.  Use according to the following applications: 

1. Steel Piping: Stainless-steel-hose, flexible connectors. 
2. Copper Tubing: Bronze hose, flexible connectors. 
3. RTRP: Stainless steel hose or bronze hose, flexible connectors. 

K. Install double-contained piping according to manufacturer's written instructions for 
assembly, joining, trench preparation and installation. 

L. Install and terminate double-contained piping at fuel-oil storage tank containment 
sumps and at building. 

3.10 VALVE INSTALLATIONS 

A. Install valves in accessible locations.  Protect valves from physical damage and install 
metal tag attached with metal chain indicating fuel oil piping systems. 

3.11 CONNECTIONS 

A. Connect fuel-oil distribution piping to fuel oil storage tanks.  Use pipe adapters or 
transition fittings compatible with both piping systems.  Refer to this Section “Piping 
System-Common Requirements”. 

B. Connect vent, fill, sounding, gage and other piping to fittings and specialty devices. 

FUEL-OIL SYSTEM 15491H - 29 



FAA DTFA-AC-03-D-13284 CPDS – FINAL DESIGN    
EYP MCF NO. 1503022.00 SEPTEMBER 14, 2005 

C. Piping Connections: Make piping connections as follows, unless otherwise indicated: 

1. Install unions, in piping 1¼ inch NPS and smaller, adjacent to each valve and at 
final connection to each piece of equipment having threaded pipe connection. 

2. Install flanges, in piping ½ inch NPS and larger, adjacent to flanged valves and at 
final connection to each piece of equipment having flanged pipe connection. 

3. Install dielectric fittings to connect piping of dissimilar metals. 
4. Install flexible connectors where indicated. 

D. Make connections to fuel oil storage tank leak-detection system. 

E. Make electrical connections to pumps, control panels and leak-detection and -
monitoring devices. 

F. Electrical wiring, disconnect switches and motor controls are specified in Division 16. 

G. Ground equipment and AST. 

1. Tighten electrical connectors and terminals according to manufacturer's 
published torque-tightening values.  If manufacturer's torque values are not 
indicated, use those specified in UL 486A and UL 486B. 

3.12 LEAK-DETECTION AND MONITORING SYSTEM INSTALLATION 

A. Install leak-detection and -monitoring systems according to manufacturer's written 
instructions.  Install alarm panel inside building where indicated. 

1. Fuel Oil Storage Tanks: Install probes in interstitial space of double-wall tanks. 
2. Fuel Oil Storage Tanks: Install probes for single-wall tanks as indicated. 
3. Fuel Oil Double Contained Piping: Install leak-detection sensor probes in fuel oil 

storage tank containment sumps. 
4. Fuel Oil Double Contained Piping: Install leak detection sensor probes as 

indicated.
5. Install liquid-level gage systems according to manufacturer's written instructions. 

3.13 LABELING AND IDENTIFYING 

A. Equipment: Install engraved, plastic-laminate equipment nameplates and signs on AST 
and equipment. 

1. Text of Signs: In addition to name of identified unit, distinguish between multiple 
units, inform operator of operational requirements, indicate safety and 
emergency precautions, and warn of hazards and improper operations. 

B. Piping: Install pipe markers on aboveground piping. 

C. Refer to Division 2 Section "Utility Materials" for equipment nameplates and signs and 
pipe markers. 

D. Warning Tapes: Arrange for installation of continuous, underground, detectable 
warning tapes during backfilling of trenches for piping.  Locate tapes 6 to 8 inches 
below finished grade and directly over piping and edges of each fuel-oil storage tank. 
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E. Refer to Division 2 Section "Earthwork" for warning tapes. 

3.14 PAINTING 

A. Refer to Division 9 Section "Painting" for field-painting requirements. 

B. Use materials and procedures in "Exterior Paint Schedule" Article's "Ferrous Metal" 
Paragraph and "Full-Gloss, Alkyd-Enamel Finish" Subparagraph in Division 9 Section 
"Painting," using color selected by Owner or as required by API. 

C. Paint AST and metal supports, except units with factory-applied paint or protective 
coating.  Restore damaged finish to original condition. 

D. Paint aboveground pipe, fittings, valves and supports. 

3.15 FIELD QUALITY CONTROL 

A. Perform pressure test for tightness, with air, inert gas or water according to NFPA 30 
and NFPA 31 on tanks before installation.  Apply soap solution to joints and check for 
leaks.  Do not exceed the following: 

1. Tanks Smaller Than 12-Foot Diameter: 5-psig test pressure. 
2. Tanks 12-Foot Diameter and Larger: 3-psig test pressure. 

B. Repair or replace defective tanks and retest until there are no leaks. 

C. Test fuel-oil distribution piping according to NFPA 30 and NFPA 31.  Remake leaks 
and defects with new materials and retest until there are no leaks. 

D. Test and adjust leak-detection and -monitoring system controls and devices.  Replace 
damaged and malfunctioning controls and devices. 

E. Report test results promptly in writing to Engineer and authorities having jurisdiction. 

F. The delivery system shall be flushed with the same type of fuel intended for final use in 
the system, until the fuel being delivered is “clean “ and “bright”.  Clean means the 
absence of any sediment or emulsion.  Bright refers to the fluorescent appearance of 
fuel that has no cloud or haze. 

3.16 ADJUSTING 

A. Adjust controls and safety devices.  Replace damaged and malfunctioning controls and 
safety devices. 

3.17 COMMISSIONING 

A. Before activating system, perform these steps: 

1. Verify that tests have been performed. 
2. Open valves to fully open position. 
3. Fill fuel-oil storage tanks with specified grade fuel oil. 
4. Check leak-detection and -monitoring systems for proper operation. 
5. Check corrosion-monitoring systems for proper operation. 

FUEL-OIL SYSTEM 15491H - 31 



FAA DTFA-AC-03-D-13284 CPDS – FINAL DESIGN    
EYP MCF NO. 1503022.00 SEPTEMBER 14, 2005 

3.18 DEMONSTRATION 

A. Engage a factory-authorized service representative for leak detection system to train 
Owner's maintenance personnel to adjust, operate and maintain systems. 

1. Train Owner's maintenance personnel on procedures and schedules for starting 
up and shutting down, troubleshooting, servicing and maintaining leak-detection 
equipment and pumps. 

2. Review data in maintenance manuals.  Refer to Division 1 Section "Contract 
Closeout."

3. Review data in maintenance manuals.  Refer to Division 1 Section "Operation 
and Maintenance Data." 

4. Schedule training with Owner with at least seven days' advance notice. 

END OF SECTION 15491H 
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SECTION 16050 - BASIC ELECTRICAL MATERIALS AND METHODS 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH 
THE FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environ-
mental conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1 - GENERAL 

1.1 REFERENCES 

A. The publications listed below form a part of this specification. Unless otherwise noted, 
the latest version of the reference publication shall apply.  The publications are referred 
to in the text by the basic designation only. 

1. AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

a. ASTM D 709 Laminated Thermosetting Materials 

2. U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 

a. 29 CFR 1910.147 Control of Hazardous Energy (Lock Out/Tag Out) 

3. INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 

a. IEEE Std 100   Dictionary of Electrical and Electronics Terms (IEEE) 
b. IEEE C2    National Electrical Safety Code (IEEE) 

4. NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 

a. NEMA C57.12.28 Pad-Mounted Equipment - Enclosure Integrity 
b. NEMA ICS 6  Industrial Control and Systems Enclosures 
c. NEMA MG 1  Motors and Generators 
d. NEMA MG 10  Energy Management Guide for Selection and Use of 

Fixed Frequency Medium AC Squirrel-Cage Polyphase Induction Motors 
e. NEMA MG 11  Energy Management Guide for Selection and Use of 

Single-Phase Motors 

5. NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

a. NFPA 70  National Electrical Code 

6. TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA) / ELECTRONIC 
INDUSTRIES ASSOCIATION (EIA) 
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a. TIA/EIA-606-A Administration Standard for the Telecommunications 
Infrastructure (ANSI/TIA/EIA-606-A) 

1.2 RELATED REQUIREMENTS 

A. This section applies to certain sections of[ Division 2, "Site Construction,"][ Division 11, 
"Equipment,"][ Division 13, "Special Construction,"][ and][ Division 14, "Conveying 
Systems"][ and][ Division 15, "Mechanical"].  This section applies to all sections of 
Division 16, "Electrical," of this project specification unless specified otherwise in the 
individual sections. 

1.3 DEFINITIONS 

A. Unless otherwise specified or indicated, electrical and electronics terms used in these 
specifications, and on the drawings, shall be as defined in IEEE Std 100.

B. The technical sections referred to herein are those specification sections that describe 
products, installation procedures, and equipment operations and that refer to this 
section for detailed description of submittal types. 

C. The technical paragraphs referred to herein are those paragraphs in PART 2 - 
PRODUCTS and PART 3 - EXECUTION of the technical sections that describe 
products, systems, installation procedures, equipment, and test methods. 

1.4 ELECTRICAL CHARACTERISTICS 

A. Electrical characteristics for this project shall be 480Y277 volts-3phase-4wire and 
208Y120 volt-3phase-4wire 60 HZ. 

1.5 SUBMITTALS 

A. The following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES:

B. Submittals required in the sections which refer to this section must also conform to the 
following additional requirements.  Submittals shall include the manufacturer's name, 
trade name, place of manufacture, catalog model or number, nameplate data, size, 
layout dimensions, capacity, project specification and technical paragraph reference.  
Submittals shall also include applicable federal, military, industry, and technical society 
publication references, and years of satisfactory service, and other information 
necessary to establish contract compliance of each item to be provided.  Photographs 
of existing installations are unacceptable and will be returned without approval. 

C. Manufacturer's Catalog Data:  Submittals for each manufactured item shall be current 
manufacturer's descriptive literature of cataloged products, equipment drawings, 
diagrams, performance and characteristic curves, and catalog cuts.  Handwritten and 
typed modifications and other notations not part of the manufacturer's preprinted data 
will result in the rejection of the submittal.  Should manufacturer's data require 
supplemental information for clarification, the supplemental information shall be 
submitted as specified for certificates of compliance. 
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D. Drawings:  Submit drawings a minimum of 14 by 20 inches in size using a minimum 
scale of 1/8 inch per foot, except as specified otherwise.  Include wiring diagrams and 
installation details of equipment indicating proposed location, layout and arrangement, 
control panels, accessories, piping, ductwork, and other items that must be shown to 
ensure a coordinated installation.  Wiring diagrams shall identify circuit terminals and 
indicate the internal wiring for each item of equipment and the interconnection between 
each item of equipment.  Drawings shall indicate adequate clearance for operation, 
maintenance, and replacement of operating equipment devices. 

E. Instructions:  Where installation procedures or part of the installation procedures are 
required to be in accordance with manufacturer's instructions, submit printed copies of 
those instructions prior to installation.  Installation of the item shall not proceed until 
manufacturer's instructions are received.  Failure to submit manufacturer's instructions 
shall be cause for rejection of the equipment or material. 

F. Certificates:  Submit manufacturer's certifications as required for products, materials, 
finishes, and equipment as specified in the technical sections. Certificates from 
material suppliers are not acceptable.  Preprinted certifications and copies of 
previously submitted documents will not be acceptable.  The manufacturer's 
certifications shall name the appropriate products, equipment, or materials and the 
publication specified as controlling the quality of that item.  Certification shall not 
contain statements to imply that the item does not meet requirements specified, such 
as "as good as"; "achieve the same end use and results as materials formulated in 
accordance with the referenced publications"; or "equal or exceed the service and 
performance of the specified material." Certifications shall simply state that the item 
conforms to the requirements specified.  Certificates shall be printed on the 
manufacturer's letterhead and shall be signed by the manufacturer's official authorized 
to sign certificates of compliance. 

1. Reference Standard Compliance:  Where equipment or materials are specified to 
conform to industry and technical society reference standards of the 
organizations such as American National Standards Institute (ANSI), American 
Society for Testing and Materials (ASTM), National Electrical Manufacturers 
Association (NEMA), Underwriters Laboratories (UL), and Association of Edison 
Illuminating Companies (AEIC), submit proof of such compliance.  The label or 
listing by the specified organization will be acceptable evidence of compliance. 

2. Independent Testing Organization Certificate:  In lieu of the label or listing, 
submit a certificate from an independent testing organization, competent to 
perform testing, and approved by the Contracting Officer.  The certificate shall 
state that the item has been tested in accordance with the specified 
organization's test methods and that the item complies with the specified 
organization's reference standard. 

G. Operation and Maintenance Manuals:  Comply with the requirements of Section 01781,
"Operation and Maintenance Data" and the technical sections. 

1. Operating Instructions:  Submit text of posted operating instructions for each 
system and principal item of equipment as specified in the technical sections. 

1.6 QUALITY ASSURANCE 

____________________________________________________________________________________ 
BASIC ELECTRICAL MATERIALS AND METHODS 16050 - 3 



FAA DTFA-AC-03-D-13284 CPDS – FINAL DESIGN    
EYP MCF NO. 1503022.00 SEPTEMBER 14, 2005 

A. Material and Equipment Qualifications:  Provide materials and equipment that are 
products of manufacturers regularly engaged in the production of such products which 
are of equal material, design and workmanship.  Products shall have been in 
satisfactory commercial or industrial use for 2 years prior to bid opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product shall have been on sale on the 
commercial market through advertisements, manufacturers' catalogs, or brochures 
during the 2-year period.  Where two or more items of the same class of equipment are 
required, these items shall be products of a single manufacturer; however, the 
component parts of the item need not be the products of the same manufacturer unless 
stated in the technical section. 

B. Regulatory Requirements:  Equipment, materials, installation, and workmanship shall 
be in accordance with the mandatory and advisory provisions of NFPA 70.

C. Alternative Qualifications:  Products having less than a 2-year field service record will 
be acceptable if a certified record of satisfactory field operation for not less than 6000 
hours, exclusive of the manufacturers' factory or laboratory tests, is furnished. 

D. Service Support:  The equipment items shall be supported by service organizations 
which are reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis during the 
warranty period of the contract. 

E. Manufacturer's Nameplate:  Each item of equipment shall have a nameplate bearing 
the manufacturer's name, address, model number, and serial number securely affixed 
in a conspicuous place; the nameplate of the distributing agent will not be acceptable. 

F. Modification of References:  In each of the publications referred to herein, consider the 
advisory provisions to be mandatory, as though the word, "shall" had been substituted 
for "should" wherever it appears.  Interpret references in these publications to the 
"authority having jurisdiction," or words of similar meaning, to mean the Contracting 
Officer.

G. Material and Equipment Manufacturing Date: Products manufactured more than 3 
years prior to date of delivery to site shall not be used, unless specified otherwise. 

1.7 POSTED OPERATING INSTRUCTIONS 

A. Provide for each system and principal item of equipment as specified in the technical 
sections for use by operation and maintenance personnel.  The operating instructions 
shall include the following: 

1. Wiring diagrams, control diagrams, and control sequence for each principal 
system and item of equipment. 

2. Start up, proper adjustment, operating, lubrication, and shutdown procedures. 
3. Safety precautions. 
4. The procedure in the event of equipment failure. 
5. Other items of instruction as recommended by the manufacturer of each system 

or item of equipment. 
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B. Print or engrave operating instructions and frame under glass or in approved laminated 
plastic.  Post instructions where directed.  For operating instructions exposed to the 
weather, provide weather-resistant materials or weatherproof enclosures.  Operating 
instructions shall not fade when exposed to sunlight and shall be secured to prevent 
easy removal or peeling. 

1.8 NAMEPLATES 

A. STM D 709.  Provide laminated plastic nameplates for each panelboard, equipment 
enclosure, relay, switch, and device; as specified in the technical sections or as 
indicated on the drawings.  Each nameplate inscription shall identify the function and, 
when applicable, the position.  Nameplates shall be melamine plastic, 0.125 inch thick, 
white with black center core.  Provide red laminated plastic label with white center core 
where indicated.  Surface shall be matte finish.  Corners shall be square.  Accurately 
align lettering and engrave into the core.  Minimum size of nameplates shall be one by 
2.5 inches.  Lettering shall be a minimum of 0.25 inch high normal block style. 

1.9 WARNING SIGNS 

A. Provide warning signs for the enclosures of electrical equipment including substations, 
pad-mounted transformers, pad-mounted switches, generators, and switchgear having 
a nominal rating exceeding 600 volts. 

1. When the enclosure integrity of such equipment is specified to be in accordance 
with NEMA C57.12.28, such as for pad-mounted transformers[ and pad-mounted 
SF6 switches], provide self-adhesive warning signs on the outside of the high 
voltage compartment door(s).  Sign shall be a decal and shall have nominal 
dimensions of 7 by 10 inches with the legend "DANGER HIGH VOLTAGE" 
printed in two lines of nominal 2 inch high letters.  The word "DANGER" shall be 
in white letters on a red background and the words "HIGH VOLTAGE" shall be in 
black letters on a white background.  Decal shall be Panduit No. PPSO710D72 
or approved equal. 

2. When such equipment is guarded by a fence, mount signs on the fence.  Provide 
metal signs having nominal dimensions of 14 by 10 inches with the legend 
"DANGER HIGH VOLTAGE KEEP OUT" printed in three lines of nominal 3 inch 
high white letters on a red and black field. 

1.10 ELECTRICAL REQUIREMENTS 

A. Electrical installations shall conform to IEEE C2, NFPA 70, and requirements specified 
herein.

B. Wiring and Conduit:  Provide internal wiring for components of packaged equipment as 
an integral part of the equipment.  Provide power wiring and conduit for field-installed 
equipment, and motor control equipment forming part of motor control centers or 
switchgear assemblies, the conduit and wiring connecting such centers, assemblies, or 
other power sources to equipment under Section 16402N, "Interior Distribution 
System."  Power wiring and conduit shall conform to Section 16402N, "Interior 
Distribution System." Control wiring and conduit shall be provided under, and conform 
to the requirements of the section specifying the associated equipment. 
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1.11 INSTRUCTION TO GOVERNMENT PERSONNEL 

A. Where specified in the technical sections, furnish the services of competent instructors 
to give full instruction to designated Government personnel in the adjustment, 
operation, and maintenance of the specified systems and equipment, including 
pertinent safety requirements as required. Instructors shall be thoroughly familiar with 
all parts of the installation and shall be trained in operating theory as well as practical 
operation and maintenance work.  Instruction shall be given during the first regular 
work week after the equipment or system has been accepted and turned over to the 
Government for regular operation.  The number of man-days (8 hours per day) of 
instruction furnished shall be as specified in the individual section. [When more than 4 
man-days of instruction are specified, use approximately half of the time for classroom 
instruction.  Use other time for instruction with equipment or system.  When significant 
changes or modifications in the equipment or system are made under the terms of the 
contract, provide additional instructions to acquaint the operating personnel with the 
changes or modifications. 

1.12 LOCKOUT REQUIREMENTS 

A. Provide disconnecting means capable of being locked out for machines and other 
equipment to prevent unexpected startup or release of stored energy in accordance 
with 29 CFR 1910.147.  Mechanical isolation of machines and other equipment shall 
be in accordance with requirements of Division 15, "Mechanical." 

PART 2 - PRODUCTS - NOT USED 

PART 3 - EXECUTION 

3.1 PAINTING OF EQUIPMENT 

A. Factory Applied: Electrical equipment shall have factory-applied painting systems 
which shall, as a minimum, meet the requirements of NEMA ICS 6 corrosion-resistance 
test[ and the additional requirements specified in the technical sections] 

B. Field Applied:  Paint electrical equipment as required to match finish of adjacent 
surfaces or to meet the indicated or specified safety criteria.  Painting shall be as 
specified in the section specifying the associated electrical equipment. 

3.2 NAMEPLATE MOUNTING 

A. Provide number, location, and letter designation of nameplates as indicated.  Fasten 
nameplates to the device with a minimum of two sheet-metal screws or two rivets. 

3.3 WARNING SIGN MOUNTING 

A. Provide the number of signs required to be readable from each accessible side, but 
space the signs a maximum of 30 feet apart. 

END OF SECTION 16050
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SECTION 16070 - SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH 
THE FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environ-
mental conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1 - GENERAL 

1.1 REFERENCES 

A. The publications listed below form a part of this specification. Unless otherwise noted, 
the latest version of the reference publication shall apply. The publications are referred 
to in the text by basic designation only. 

1. AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

a. ASTM E 580 Application of Ceiling Suspension Systems for Acoustical 
Tile and Lay-in Panels in Areas Requiring Moderate Seismic Restraint 

2. U.S. ARMY CORPS OF ENGINEERS (USACE) 

a. TI 809-04 Seismic Design for Buildings 

3. UNDERWRITERS LABORATORIES (UL) 

1.2 SUBMITTALS 

A. The following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES:

1. SD-02 Shop Drawings 

a. Equipment Requirements;

2. SD-03 Product Data

a. Equipment Requirements;

B. Copies of the design calculations with the detail drawings.  Calculations shall be 
stamped by a registered engineer and shall verify the capability of structural members 
to which bracing is attached for carrying the load from the brace. Detail drawings along 
with catalog cuts, templates, and erection and installation details, as appropriate, for 
the items listed.  Submittals shall be complete in detail; shall indicate thickness, type, 
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grade, class of metal, and dimensions; and shall show construction details, 
reinforcement, anchorage, and installation with relation to the building construction. 

C. Copies of the design calculations with the detail drawings.  Calculations shall be 
stamped by a registered engineer and shall verify the capability of structural members 
to which bracing is attached for carrying the load from the brace. 

1. Contractor Designed Bracing;

D. Copies of the Design Calculations with the Drawings.  Calculations shall be approved, 
certified, stamped and signed by a Registered Professional Engineer.  Calculations 
shall verify the capability of structural members to which bracing is attached for 
carrying the load from the brace. 

1.3 SYSTEM DESCRIPTION 

A. General Requirements:  The requirements for seismic protection measures described 
in this section shall be applied to the electrical equipment and systems listed below.  
Structural requirements shall be in accordance with Section 13080 SEISMIC 
PROTECTION FOR MISCELLANEOUS EQUIPMENT. 

B. The entire electrical installation shall be Seismically protected to the extent required on 
the drawings or in other sections of these specifications including but not limited to: 

1. Control Panels                    
2. Air Handling Units 
3. Pumps with Motors                 
4. Switchgear 
5. Light Fixtures                    
6. Unit Substations 
7. Motor Control Centers             
8. Transformers 
9. Switchboards (Floor Mounted)      
10. Storage Racks 
11. Engine Generators                 
12. UPS equipment 
13. Batteries                         
14. Battery Racks 
15. Raceways                          
16. Automatic transfer switches 
17. Static transfer switches 

C. Electrical Systems: The following electrical systems shall be installed as required on 
the drawings and other sections of these specifications and shall be seismically 
protected in accordance with this specification:   

1. The entire electrical installation shall be seismically braced. 

D. Contractor Designed Bracing: The Contractor shall design the bracing in accordance 
with TI 809-04 and additional data furnished by the Contracting Officer.  Resistance to 
lateral forces induced by earthquakes shall be accomplished without consideration of 
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friction resulting from gravity loads.  TI 809-04 uses parameters for the building, not for 
the equipment in the building; therefore, corresponding adjustments to the formulas 
shall be required.  Loadings determined using TI 809-04 are based on strength design; 
therefore, the AISC LRFP specifications shall be used for the design.  The bracing for 
the following electrical equipment and systems shall be developed by the Contractor:   

a. The entire electrical installation shall be seismically braced. 

1.4 EQUIPMENT REQUIREMENTS 

A. Rigidly Mounted Equipment: The following specific items of equipment:  UPS 
equipment, Engine-Generator, Substations, Transformers, and Switchboards to be 
furnished under this contract shall be constructed and assembled to withstand the 
seismic forces specified in TI 809-04, Chapter 10.  Each item of rigid electrical 
equipment shall be entirely located and rigidly attached on one side only of a building 
expansion joint.  Piping, electrical conduit, etc., which cross the expansion joint shall be 
provided with flexible joints that are capable of accommodating displacements equal to 
the full width of the joint in both orthogonal directions. 

B. Nonrigid or Flexibly-Mounted Equipment: The following specific items of equipment to 
be furnished:  [_____] shall be constructed and assembled to resist a horizontal lateral 
force of [_____] times the operating weight of the equipment at the vertical center of 
gravity of the equipment. 

PART 2 - PRODUCTS 

2.1 SWAY BRACING MATERIALS  

A. Sway bracing materials (e.g. rods, plates, rope, angles, etc.) shall be as specified in 
Section 13080 SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT. 

PART 3 - EXECUTION 

3.1 SWAY BRACES FOR CONDUIT 

A. Conduit shall be braced as for an equivalent weight pipe in accordance with Section 
13080 SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT. 

1. Assembly Mounted on Outlet Box 

a. A supporting assembly, that is intended to be mounted on an outlet box, 
shall be designed to accommodate mounting features on 4 inch boxes, 
plaster rings, and fixture studs. 

END OF SECTION 16070 
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SECTION 16075 - ELECTRICAL IDENTIFICATION 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH 
THE FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environ-
mental conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Identification for raceway. 
2. Identification for conductors and communication and control cable. 
3. Underground-line warning tape. 
4. Warning labels and signs. 
5. Instruction signs. 
6. Equipment identification labels. 
7. Miscellaneous identification products. 

B. Identification labeling for switchboards, panel boards and transformers shall be 
provided by Government. 

1.3 SUBMITTALS 

A. Product Data:  For each electrical identification product indicated. 

B. Identification Schedule:  An index of nomenclature of electrical equipment and system 
components used in identification signs and labels. 

C. Samples:  For each type of label and sign to illustrate size, colors, lettering style, 
mounting provisions, and graphic features of identification products. 

1.4 QUALITY ASSURANCE 

A. Comply with ANSI A13.1 and ANSI C2. 

B. Comply with NFPA 70. 
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C. Comply with 29 CFR 1910.145. 

1.5 COORDINATION 

A. Coordinate identification names, abbreviations, colors, and other features with 
requirements in the Contract Documents, Shop Drawings, manufacturer's wiring 
diagrams, and the Operation and Maintenance Manual, and with those required by 
codes, standards, and 29 CFR 1910.145.  Use consistent designations throughout 
Project.

B. Coordinate installation of identifying devices with completion of covering and painting 
of surfaces where devices are to be applied. 

C. Coordinate installation of identifying devices with location of access panels and doors. 

D. Install identifying devices before installing acoustical ceilings and similar concealment. 

PART 2 - PRODUCTS 

2.1 RACEWAY IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length 
of color field for each raceway. 

B. Color for Printed Legend: 

1. Power Circuits:  Black letters on an orange field. 
2. EPMS Raceways: White letters on blue field. 
3. Legend:  Indicate system or service and voltage, if applicable. 

C. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- 
and chemical-resistant coating and matching wraparound adhesive tape for securing 
ends of legend label. 

2.2 CONDUCTOR AND COMMUNICATION- AND CONTROL-CABLE IDENTIFICATION 
MATERIALS 

A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils
thick by 1 to 2 inches wide. 

2.3 UNDERGROUND-LINE WARNING TAPE 

A. Description:  Permanent, bright-colored, continuous-printed, polyethylene tape. 

1. Not less than 6 inches wide by 4 mils thick. 
2. Compounded for permanent direct-burial service. 
3. Embedded continuous metallic strip or core. 
4. Printed legend shall indicate type of underground line. 
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2.4 WARNING LABELS AND SIGNS 

A. Comply with NFPA 70 and 29 CFR 1910.145. 

B. Self-Adhesive Warning Labels:  Factory printed, multicolor, pressure-sensitive 
adhesive labels, configured for display on front cover, door, or other access to 
equipment, unless otherwise indicated. 

C. Metal-Backed, Butyrate Warning Signs:  Weather-resistant, non-fading, preprinted, 
cellulose-acetate butyrate signs with 0.0396-inch galvanized-steel backing; and with 
colors, legend, and size required for application.  1/4-inch grommets in corners for 
mounting.  Nominal size, 10 by 14 inches.

D. Warning label and sign shall include, but are not limited to, the following legends: 

1. Multiple Power Source Warning:  "DANGER - ELECTRICAL SHOCK HAZARD - 
EQUIPMENT HAS MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning:  "WARNING - OSHA REGULATION - AREA IN 
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36
INCHES."

2.5 INSTRUCTION SIGNS 

A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up 
to 20 sq. in. and 1/8 inch thick for larger sizes. 

1. Engraved legend with black letters on white face. 
2. Punched or drilled for mechanical fasteners. 
3. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment.

2.6 EQUIPMENT IDENTIFICATION LABELS 

A. Adhesive Film Label:  Machine printed, in black, by thermal transfer or equivalent 
process.  Minimum letter height shall be 3/8 inch.

B. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by 
thermal transfer or equivalent process.  Minimum letter height shall be 3/8 inch.
Overlay shall provide a weatherproof and ultraviolet-resistant seal for label. 

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Cable Ties:  Fungus-inert, self-extinguishing, 1-piece, self-locking, Type 6/6 nylon 
cable ties. 

1. Minimum Width:  3/16 inch.
2. Tensile Strength:  50 lb, minimum. 
3. Temperature Range:  Minus 40 to plus 185 deg F.
4. Color:  Black, except where used for color-coding. 
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B. Fasteners for Labels and Signs:  Self-tapping, stainless-steel screws or stainless-steel 
machine screws with nuts and flat and lock washers. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Accessible Raceways, 600 V or Less, for Service, Feeder, and Branch Circuits More 
Than:  Identify with orange self-adhesive vinyl label. 

B. Accessible Raceways and Cables of Auxiliary Systems:  Identify the following systems 
with color-coded, self-adhesive vinyl tape applied in bands: 

1. Electrical Supervisory System (EPMS):  Green and blue. 
2. Control Wiring:  Green and white. 

C. Power-Circuit Conductor Identification:  For conductors in pull and junction boxes, 
color-coding conductor tape.  Identify source and circuit number of each set of 
conductors.  For single conductor cables, identify phase in addition to the above. 

D. Branch-Circuit Conductor Identification:  Where there are conductors for more than 
three branch circuits in same junction or pull box, use color-coding conductor tape.  
Identify each ungrounded conductor according to source and circuit number. 

E. Conductors to Be Extended in the Future:  Attach write-on tags to conductors and list 
source and circuit number. 

F. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, 
control, signal, and monitor connections. 

1. Refer to 16910 “EPMS LAN CABLE PLANT” for additional EPMS identification 
requirements.

2. Identify conductors, cables, and terminals in enclosures and at junctions, 
terminals, and pull points.  Identify by system and circuit designation. 

3. Use system of marker tape designations that is uniform and consistent with 
system used by manufacturer for factory-installed connections. 

4. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, 
and Operation and Maintenance Manual. 

G. Locations of Underground Lines:  Identify with underground-line warning tape for 
power, monitoring, communication, and control wiring and optical fiber cable. Install 
underground-line warning tape cables in raceway. 

H. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  
Comply with 29 CFR 1910.145 and apply self-adhesive warning labels.  Identify system 
voltage with black letters on an orange background.  Apply to exterior of door, cover, or 
other access. 

1. Equipment with Multiple Power or Control Sources:  Apply to door or cover of 
equipment including, but not limited to, the following: 
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a. Power transfer switches. 
b. Controls with external control power connections. 

2. Equipment Requiring Workspace Clearance According to NFPA 70:  Unless 
otherwise indicated, apply to door or cover of equipment but not on flush 
panelboards and similar equipment in finished spaces. 

I. Instruction Signs: 

1. Operating Instructions:  Install instruction signs to facilitate proper operation and 
maintenance of electrical systems and items to which they connect.  Install 
instruction signs with approved legend where instructions are needed for system 
or equipment operation. 

2. Emergency Operating Instructions:  Install instruction signs with white legend on 
a red background with minimum 3/8-inch- high letters for emergency instructions 
at equipment used for power transfer. 

J. Equipment Identification Labels:  On each unit of equipment, install unique designation 
label that is consistent with wiring diagrams, schedules, and Operation and 
Maintenance Manual.  Apply labels to disconnect switches and protection equipment, 
central or master units, control panels, control stations, terminal cabinets, and racks of 
each system.  Systems include power, control, communication, signal, monitoring, and 
alarm systems unless equipment is provided with its own identification. 

1. Labeling Instructions: 

a. Indoor Equipment:  Adhesive film label or Adhesive film label with clear 
protective overlay.  Unless otherwise indicated, provide a single line of text 
with 1/2-inch- high letters on 1-1/2-inch- high label; where 2 lines of text are 
required, use labels 2 inches high. 

b. Outdoor Equipment:  Engraved label. 
c. Elevated Components:  Increase sizes of labels and letters to those 

appropriate for viewing from the floor. 

2. Equipment to Be Labeled: 

a. Panelboards, electrical cabinets, and enclosures. Refer to 1.2, B of this 
specification. 

b. Electrical switchboards. 
c. Transformers. 
d. Disconnect switches. 
e. Enclosed circuit breakers. 
f. Power transfer equipment. 
g. Contactors. 
h. Remote-controlled switches, dimmer modules, and control devices. 
i. Battery racks. 
j. Power-generating units. 
k. Uninterruptible power supply equipment. 
l. Terminals, racks, and patch panels for voice and data communication and 

for signal and control functions. 
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3.2 INSTALLATION 

A. Verify identity of each item before installing identification products. 

B. Location:  Install identification materials and devices at locations for most convenient 
viewing without interference with operation and maintenance of equipment. 

C. Apply identification devices to surfaces that require finish after completing finish work. 

D. Self-Adhesive Identification Products:  Clean surfaces before application, using 
materials and methods recommended by manufacturer of identification device. 

E. Attach non-adhesive signs and plastic labels with screws and auxiliary hardware 
appropriate to the location and substrate. 

F. System Identification Color Banding for Raceways and Cables:  Each color band shall 
completely encircle cable or conduit.  Place adjacent bands of two-color markings in 
contact, side by side.  Locate bands at changes in direction, at penetrations of walls 
and floors, at 50-foot maximum intervals in straight runs, and at 25-foot maximum 
intervals in congested areas. 

G. Color-Coding for Phase and Voltage Level Identification, 600 V and Less:  Use the 
colors listed below for ungrounded feeder and branch-circuit conductors. 

1. Color shall be factory applied or, for sizes larger than No. 10 AWG if authorities 
having jurisdiction permit, field applied. 

2. Colors for 208/120-V Circuits: 

a. Phase A:  Black. 
b. Phase B:  Red. 
c. Phase C:  Blue. 

3. Colors for 480/277-V Circuits: 

a. Phase A:  Brown. 
b. Phase B:  Orange. 
c. Phase C:  Yellow. 

4. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a 
minimum distance of 6 inches from terminal points and in boxes where splices or 
taps are made.  Apply last two turns of tape with no tension to prevent possible 
unwinding.  Locate bands to avoid obscuring factory cable markings. 

H. Underground-Line Warning Tape:  During backfilling of trenches install continuous 
underground-line warning tape directly above line at 6 to 8 inches below finished 
grade.  Use multiple tapes where width of multiple lines installed in a common trench or 
concrete envelope exceeds 16 inches overall. 

END OF SECTION 16075 
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SECTION 16081 - APPARATUS INSPECTION AND TESTING 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH 
THE FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environ-
mental conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1 - GENERAL 

1.1 REFERENCES 

A. The publications listed below form a part of this specification. Unless otherwise noted, 
the latest version of the reference publication shall apply. The publications are referred 
to in the text by the basic designation only. 

1. INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA) 

a. NETA ATS  Electrical Power Distribution Equipment and Systems 

1.2 RELATED REQUIREMENTS 

A. Section 16050 "Basic Electrical Materials and Methods" applies to this section with 
additions and modifications specified herein. 

1.3 SUBMITTALS 

A. The following shall be submitted: 

1. SD-06 Test Reports

a. Acceptance tests and inspections;

2. SD-07 Certificates

a. Qualifications of organization, and lead engineering technician;  
b. Acceptance test and inspections procedure;

1.4 QUALITY ASSURANCE 

A. Qualifications:  Contractor shall engage the services of a qualified testing organization 
to provide inspection, testing, calibration, and adjustment of the electrical distribution 
system and generation equipment listed in paragraph entitled "Acceptance Tests and 
Inspections" herein.  Organization shall be independent of the supplier, manufacturer, 
and installer of the equipment.   The organization shall be a first tier subcontractor.  No 
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work required by this section of the specification shall be performed by a second tier 
subcontractor. 

1. Submit name and qualifications of organization.  Organization shall have been 
regularly engaged in the testing of electrical materials, devices, installations, and 
systems for a minimum of 5 years.  The organization shall have a calibration 
program, and test instruments used shall be calibrated in accordance with NETA 
ATS.

2. Submit name and qualifications of the lead engineering technician performing the 
required testing services.  Include a list of three comparable jobs performed by 
the technician with specific names and telephone numbers for reference.  
Testing, inspection, calibration, and adjustments shall be performed by an 
engineering technician, certified by NETA or the National Institute for Certification 
in Engineering Technologies (NICET) with a minimum of 5 years' experience 
inspecting, testing, and calibrating electrical distribution and generation 
equipment, systems, and devices. 

B. Acceptance Tests and Inspections Reports:  Submit certified copies of inspection 
reports and test reports.  Reports shall include certification of compliance with specified 
requirements, identify deficiencies, and recommend corrective action when 
appropriate.  Type and neatly bind test reports to form a part of the final record.  
Submit test reports documenting the results of each test not more than 10 days after 
test is completed. 

C. Acceptance Test and Inspections Procedure:  Submit test procedure reports for each 
item of equipment to be field tested at least 45 days prior to planned testing date.  Do 
not perform testing until after test procedure has been approved. 

PART 2 - PRODUCTS 

NOT USED 

PART 3 - EXECUTION 

3.1 ACCEPTANCE TESTS AND INSPECTIONS 

A. Testing organization shall perform acceptance tests and inspections.  Test methods, 
procedures, and test values shall be performed and evaluated in accordance with 
NETA ATS, the manufacturer's recommendations, and paragraph entitled "Field 
Quality Control" of each applicable specification section.  Tests identified as optional in 
NETA ATS are not required unless otherwise specified.  Equipment shall be placed in 
service only after completion of required tests and evaluation of the test results have 
been completed.  Contractor shall supply to the testing organization complete sets of 
shop drawings, settings of adjustable devices, and other information necessary for an 
accurate test and inspection of the system prior to the performance of any final testing.  
Contracting Officer shall be notified at least 14 days in advance of when tests will be 
conducted by the testing organization.  Perform acceptance tests and inspections on 
applicable equipment and systems specified in the following sections: 

1. Section 16231  Installation of Packaged Engine Generator."  Functional engine 
shutdown tests, vibration base-line test, and load bank test shall not be 
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performed by the testing organization.  These tests shall be performed by the 
start-up engineer. 

2. Section 16610, "Installation of Uninterruptible Power Supply (UPS) Systems" 
3. Section 16410, "Automatic Transfer Switches" 
4. Section 16442, "Switchboards" 
5. Section 16435, “Installation of Paralleling Switchgear” 
6. Section 16461, “Installation of Dry Type Transformers (600V or less)” 

3.2 SYSTEM ACCEPTANCE 

A. Final acceptance of the system is contingent upon satisfactory completion of 
acceptance tests and inspections. 

3.3 PLACING EQUIPMENT IN SERVICE 

A. A representative of the approved testing organization shall be present when equipment 
tested by the organization is initially energized and placed in service. 

END OF SECTION 16081 
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SECTION 16231 – INSTALLATION OF PACKAGED ENGINE GENERATOR 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH 
THE FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environ-
mental conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section describes the requirements for testing and installing Packaged Engine 
Generator equipment as specified herein. Refer to Part 2 – PRODUCTS, for listing of 
Government Furnished Equipment (GFE). 

B. The Installing Contractor shall be required to provide the following: 

1. Unloading, rigging and installation. 
2. Concrete pads and superstructure reinforcement. 
3. Interconnecting wiring external to the enclosures of equipment specified herein. 
4. Conduit external to the equipment specified herein. 
5. Load banks and cabling for site tests. 

C. Related Sections include the following: 

1. Division 16 Section "Transfer Switches" for transfer switches including sensors 
and relays to initiate automatic-starting and -stopping signals for engine-
generator sets. 

2. Refer to electrical power monitoring system (EPMS) points list for additional 
alarms information reporting and interface requirements. 

3. Division 15 Section “Fuel Oil System” for day tank, fuel storage tank, and fuel 
pumping and controls. 

1.2 SUBMITTALS 

A. Shop Drawings:  Submit scaled drawings which indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of 
each field connection. 

B. Qualification Data:  For installer, manufacturer and testing agency. 

C. Field quality-control test reports. 
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1.3 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and 
capability to conduct the testing indicated, that is a member company of the 
International Electrical Testing Association or is a nationally recognized testing 
laboratory (NRTL), and that is acceptable to authorities having jurisdiction. 

1. Testing Agency's Field Supervisor:  Person currently certified by the International 
Electrical Testing Association or the National Institute for Certification in 
Engineering Technologies to supervise on-site testing specified in Part 3. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

C. Comply with ASME B15.1. 

D. Comply with NFPA 37. 

E. Comply with NFPA 70. 

F. Comply with NFPA 99. 

G. Comply with NFPA 110 requirements for Level  2 emergency power supply system. 

1.4 PROJECT CONDITIONS 

A. Interruption of Existing Electrical Service:  Do not interrupt electrical service to facilities 
occupied by The Government or others unless permitted under the following conditions 
and then only after arranging to provide temporary electrical service according to 
requirements indicated: 

1. Notify Owner no fewer than five days in advance of proposed interruption of 
electrical service. Time and date of interruption shall be coordinated with Owner. 

2. Do not proceed with interruption of electrical service without Owner's written 
permission. 

1.5 COORDINATION 

A. Coordinate size and location of concrete bases for package engine generators.  Cast 
anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements 
are specified in Division 3. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Government-Furnished Equipment (GFE): The Government will furnish various 
components and equipment listed in PART 2- PRODUCTS for installation by the 
Contractor.

B. Delivery: Contractor shall receive, GFE at the jobsite.  Contractor shall unload, unpack, 
and install GFE.  Notify Contracting Officer [_____] calendar days prior to when 
delivery on the site is required.  GFE shall be unpacked in the presence of Contracting 
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Officer to determine damage or missing parts.  Contractor shall be responsible for 
damage sustained by the materials and equipment after this inspection.  Equipment is 
heavy and easily damaged.  Do not bump or bounce equipment at any time.  When 
lifting, do not tip beyond 5 degrees. 

PART 2 - PRODUCTS 

2.1 CONTRACTOR FURNISHED MATERIAL AND EQUIPMENT 

A. Packaged Engine Generator shall be GFE.  Product specification for GFE herein is for 
information purposes only. Such equipment required to provide the completely 
operable Packaged Engine Generator installation includes, but is not necessarily 
limited to, conduit, conduit fittings, insulated conductors, compression lugs, , supports, 
fasteners, and other such items. 

2.2 ENGINE-GENERATOR SET - GFE 

A. Factory-assembled and -tested, engine-generator set. 

1. KW rating indicated shall be at 0.80-power factor, for continuous duty after 
deducting cooling fan horsepower and engine efficiency. 

B. Capacities and Characteristics: 

1. Power Output Ratings:  Nominal ratings as indicated, with capacity as required to 
operate as a unit as evidenced by records of prototype testing. 

2. Output Connections:  Three-phase, four wire. 

2.3 ENGINE - GFE 

A. Fuel:  Fuel oil, Grade DF-2 . 

B. Engine Fuel System   

1. The fuel system shall be integral with the engine.  The engine shall be provided 
with non-fouling fuel injectors, dual fuel filter, fuel priming pump, transfer pump, 
injection pumps, lines, nozzles and fuel pressure gage. The transfer pump shall 
deliver fuel under low pressure to individual injection pumps - one for each 
cylinder.

C. Fuel/Water Separator  

D. Exhaust Noise Control  

1. The exhaust silencer shall be sized and supplied by the engine supplier.  It shall 
be mounted near the engine to minimize noise and condensation, and pitched 
away from the engine.  A provision for draining moisture shall be included.  

2. It shall provide the noted attenuation while imposing minimum restriction.  

E. Silencer – Critical - GFE 
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2.4 EXHAUST SYSTEM 

A. The engine exhaust system shall be installed by the Contractor to discharge 
combustion gases quickly and silently with minimum restriction.  System including 
silencer shall be designed for minimum restriction, and in no case shall backpressure 
exceed the maximum specified by the manufacturer for engine size required.  

1. Piping shall be supported and braced to prevent weight or thermal growth being 
transferred to the engine and flexible expansion fittings provided to 
accommodate thermal growth.  Support dampers and springs shall be included 
where necessary to isolate vibration.

2.5 FUEL OIL STORAGE 

A. Refer to specifications Section 15491H. 

2.6 CONTROL AND MONITORING - GFE 

A. Remote Emergency-Stop Switch:  Contractor shall furnish and install flush; wall 
mounted, unless otherwise indicated; and labeled.  Push button shall be protected from 
accidental operation. 

2.7 GENERATOR OVERCURRENT AND FAULT PROTECTION - GFE 

2.8 LOAD BANK – GFE 

2.9 REMOTE EMERGENCY-STOP SWITCH 

A. Contractor shall furnish and install Flush; wall mounted, unless otherwise indicated and 
labeled. Push button shall be protected from accidental operation. 

2.10 REFERENCES 

A. This specification includes applicable considerations of:  

1. American Society of Mechanical Engineers (ASME)  
2. Association of British Generating Set Manufacturers (ABGSM)  
3. British Standards Institution (BS)  
4. EEC 89/392 Safety and Health  
5. Electrical Generating Systems Association (EGSA)  
6. Institute of Electrical and Electronics Engineers (IEEE)  
7. International Electrotechnical Commission (IEC)  
8. International Standards Organization (ISO) 9000  
9. National Electrical Code (NEC)  
10. National Electric Manufacturers Association (NEMA)  
11. National Fire Protection Association (NFPA)  
12. Occupational Safety and Health Act (OSHA)  
13. Society of Automotive Engineers (SAE)  
14. United States Military Standards for Generators and Controls (MIL-STD) 
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2.11

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas, equipment bases, and conditions, with Installer present, for 
compliance with requirements for installation and other conditions affecting packaged 
engine-generator performance. 

B. Examine roughing-in of piping systems and electrical connections.  Verify actual 
locations of connections before packaged engine-generator installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Conform to the requirements for electrical equipment installations specified herein, and 
in strict accordance with NFPA 70, and manufacturer's installation drawings and wiring.  
During and after installation, until the system is accepted by the Contracting Officer, 
Contractor shall protect equipment, from moisture, dust, and contamination.  Upon 
completion of the Engine Generator installation, Contracting Officer and Engine 
Generator manufacturer's technical representative will inspect the installation for 
contract compliance.  Contractor shall correct installation deficiencies as directed. 

B. Contractor shall notify Contracting Officer in writing at least 45 calendar days prior to 
completion of the Engine Generator system installation.  At this time the Contracting 
Officer, will schedule the manufacturer's technical representative to inspect the 
completed installation.  The technical representative will provide ____ days of service 
including days of instruction for activity personnel.   

C. Installation Inspection: Engine Generator technical representative and the Contracting 
Officer, in the presence of the Contractor, will inspect the completed installation.  The 
Contractor shall correct construction or installation deficiencies as directed. 

D. Comply with packaged engine-generator manufacturers' written installation and 
alignment instructions and with NFPA 110. 

E. Install packaged engine generator to provide access, without removing connections or 
accessories, for periodic maintenance. 

F. Install packaged engine generator with [elastomeric isolator pads] [restrained 
spring isolators] having a minimum deflection of [1 inch] <Insert static deflection>
on 4-inch- high concrete base.  Secure sets to anchor bolts installed in concrete bases.  
Concrete base construction is specified in Division 16 Section "Electrical Supports and 
Seismic Restraints." 

G. Install remote radiator, if required, with [elastomeric isolator pads] [restrained spring 
isolators] having a minimum deflection of [1 inch] <Insert static deflection> on 
[concrete base on grade] [roof equipment supports on roof]. 
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H. Install Schedule 40, black steel piping with welded joints and connect to engine muffler.  
Install thimble at wall.  Piping shall be same diameter as muffler outlet.  Flexible 
connectors and steel piping materials and installation requirements are specified in 
Division 15 Section "Hydronic Piping." 

1. Install condensate drain piping to muffler drain outlet full size of drain connection 
with a shutoff valve, stainless-steel flexible connector, and Schedule 40, black 
steel pipe with welded joints.  Flexible connectors and piping materials and 
installation requirements are specified in Division 15 Section "Hydronic Piping." 

I. Electrical Wiring:  Install electrical devices furnished by equipment manufacturers but 
not specified to be factory mounted. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in Division 15 Sections.  Drawings 
indicate general arrangement of piping and specialties. 

B. Connect fuel, cooling-system, and exhaust-system piping adjacent to packaged engine 
generator to allow service and maintenance. 

C. Connect engine exhaust pipe to engine with flexible connector. 

D. Connect fuel piping to engines with a gate valve and union and flexible connector. 

1. Diesel storage tanks, tank accessories, piping, valves, and specialties for fuel 
systems outside the building are specified in Division 2 Section "Fuel Oil 
Distribution." 

2. Diesel fuel piping, valves, and specialties inside the building are specified in 
Division 15 Section "Fuel Oil Piping." 

3. Natural- and LP-gas piping, valves, and specialties for gas distribution outside 
the building are specified in Division 2 Section "Natural Gas Distribution." 

4. Natural- and LP-gas piping, valves, and specialties for gas piping inside the 
building are specified in Division 15 Section "Fuel Gas Piping." 

E. Ground equipment according to Division 16 Section "Grounding and Bonding." 

F. Connect wiring according to Division 16 Section "Conductors and Cables." 

3.4 IDENTIFICATION 

A. Identify system components according to Division 15 Section "Mechanical 
Identification" and Division 16 Section "Electrical Identification." 

3.5 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service:  FAA will engage a factory-authorized service 
representative to inspect components, assemblies, and equipment installations, 
including connections, and to assist in testing. 
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2. Under supervision of the factory authorized service representative, the 
Contractor shall test all system functions, operations and protective features.  
Contractor shall provide all instruments and equipment required for tests. 

B. Tests and Inspections: 

1. Perform tests recommended by manufacturer and each electrical test and visual 
and mechanical inspection for "AC Generators and for Emergency Systems" 
specified in NETA Acceptance Testing Specification.  Certify compliance with test 
parameters.

2. NFPA 110 Acceptance Tests:  Perform tests required by NFPA 110 that are 
additional to those specified here including, but not limited to, single-step full-load 
pickup test. 

3. Battery Tests:  Equalize charging of battery cells according to manufacturer's 
written instructions.  Record individual cell voltages. 

a. Measure charging voltage and voltages between available battery 
terminals for full-charging and float-charging conditions.  Check electrolyte 
level and specific gravity under both conditions. 

b. Test for contact integrity of all connectors.  Perform an integrity load test 
and a capacity load test for the battery. 

c. Verify acceptance of charge for each element of the battery after 
discharge.

d. Verify that measurements are within manufacturer's specifications. 

4. Battery-Charger Tests:  Verify specified rates of charge for both equalizing and 
float-charging conditions. 

5. System Integrity Tests:  Methodically verify proper installation, connection, and 
integrity of each element of engine-generator system before and during system 
operation.  Check for air, exhaust, and fluid leaks. 

6. Exhaust-System Back-Pressure Test:  Use a manometer with a scale exceeding 
40-inch wg.  Connect to exhaust line close to engine exhaust manifold.  Verify 
that back pressure at full-rated load is within manufacturer's written allowable 
limits for the engine. 

7. Exhaust Emissions Test:  Comply with applicable government test criteria. 
8. Voltage and Frequency Transient Stability Tests:  Use recording oscilloscope to 

measure voltage and frequency transients for 50 and 100 percent step-load 
increases and decreases, and verify that performance is as specified. 

9. Harmonic-Content Tests:  Measure harmonic content of output voltage fewer 
than 25 percent and at 100 percent of rated linear load.  Verify that harmonic 
content is within specified limits. 

10. Noise Level Tests:  Measure A-weighted level of noise emanating from 
generator-set installation, including engine exhaust and cooling-air intake and 
discharge, at [four] <Insert number> locations [on the property line] <Insert 
location for measurement>, and compare measured levels with required 
values.

C. Coordinate tests with tests for transfer switches and run them concurrently. 
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D. Test instruments shall have been calibrated within the last 12 months, traceable to 
standards of NIST, and adequate for making positive observation of test results.  Make 
calibration records available for examination on request. 

E. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest 
until no leaks exist. 

F. Operational Test:  After electrical circuitry has been energized, start units to confirm 
proper motor rotation and unit operation. 

G. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls 
and equipment. 

H. Remove and replace malfunctioning units and retest as specified above. 

I. Retest:  Correct deficiencies identified by tests and observations and retest until 
specified requirements are met. 

J. Report results of tests and inspections in writing.  Record adjustable relay settings and 
measured insulation resistances, time delays, and other values and observations.  
Attach a label or tag to each tested component indicating satisfactory completion of 
tests.

K. Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each power wiring termination and each bus 
connection.  Remove all access panels so terminations and connections are accessible 
to portable scanner. 

1. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan 11 
months after date of Substantial Completion. 

2. Instrument:  Use an infrared scanning device designed to measure temperature 
or to detect significant deviations from normal values.  Provide calibration record 
for device. 

3. Record of Infrared Scanning:  Prepare a certified report that identifies 
terminations and connections checked and that describes scanning results.  
Include notation of deficiencies detected, remedial action taken, and 
observations after remedial action. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain packaged engine generators.  Refer to 
Division 1 Section "Demonstration and Training." 

END OF SECTION 16231 
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SECTION 16402 — INTERIOR DISTRIBUTION SYSTEM 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH THE 
FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environmental condi-
tions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1 - GENERAL 

1.1 REFERENCES 

A. The publications listed below form a part of this specification to the extent referenced.  
The publications are referred to in the text by the basic designation only. 

1. AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

a. ANSI C80.5 (1994) Aluminum Rigid Conduit-(ARC) 

2. ASTM INTERNATIONAL (ASTM) 

a. ASTM B 1 (2001) Hard-Drawn Copper Wire 
b. ASTM B 8 (1999) Concentric-Lay-Stranded Copper Conductors, Hard, 

Medium-Hard, or Soft 

3. INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 

4. INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA) 

a. NETA ATS (1999) Electrical Power Distribution Equipment and Systems 

5. NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 

a. NEMA BU 1 (1999) Busways 
b. NEMA FU 1 (2002) Low Voltage Cartridge Fuses 
c. NEMA ICS 1 (2000) Industrial Control and Systems General 

Requirements
d. NEMA ICS 2 (2000) Industrial Control and Systems Controllers, 

Contactors, and Overload Relays Rated 600 Volts  
e. NEMA ICS 3 (1993; R 2000) Industrial Control and System Factory Built 

Assemblies 
f. NEMA ICS 4 (2000) Industrial Automation Control Products and 

Systems Section Terminal Blocks 
g. NEMA ICS 6 (1993; R 2001) Industrial Control and Systems, Enclosures 
h. NEMA KS 1 (2001) Enclosed and Miscellaneous Distribution Equipment 

Switches (600 Volts Maximum) 
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i. NEMA MG 1 (1998; R 2002) Motors and Generators 
j. NEMA MG 10 (2001) Energy Management Guide for Selection and Use 

of Fixed Medium AC Squirrel Cage Polyphase Induction Motors 
k. NEMA MG 11 (1977; R 2001) Energy Management Guide for Selection 

and Use of Single Phase Motors 
l. NEMA RN 1 (1998) Polyvinyl-Chloride (PVC) Externally Coated Galvanized 

Rigid Steel Conduit and Intermediate Metal Conduit 
m. NEMA ST 20 (1992; R 1997) Dry-Type Transformers for General 

Applications 
n. NEMA TP 1 (2002) Guide for Determining Energy Efficiency for Distribution 

Transformers

6. NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

a. NFPA 70 (2002) National Electrical Code 
b. NFPA 780 (2000) Installation of Lightning Protection Systems 

7. UNDERWRITERS LABORATORIES (UL) 

a. UL 1561 (1999; R 2001) Dry-Type General Purpose and Power 
Transformers

b. UL 198E (1988; R 1988) Class R Fuses 
c. UL 198H (1988; R 1993) Class T Fuses 
d. UL 467 (1993; R 2001) Grounding and Bonding Equipment 
e. UL 486A (1997; R 2001, Bul. 2002, 2003) Wire Connectors and Soldering 

Lugs for Use with Copper Conductors 
f. UL 486B (1997; R 2001, Bul. 2002, 2003) Wire Connectors for Use with 

Aluminum Conductors 
g. UL 486C (2000; R 2002) Splicing Wire Connectors 
h. UL 489 (2002; R 2002, Bul. 2003) Molded-Case Circuit Breakers, Molded-

Case Switches, and Circuit-Breaker Enclosures 
i. UL 50 (1995; R 1999, Bul. 2001) Enclosures for Electrical Equipment 
j. UL 506 (2000; Bul. 2002, 2003) Specialty Transformers 
k. UL 508 (1999; R 2002, Bul. 2003) Industrial Control Equipment 
l. UL 510 (1994; R 1998) Polyvinyl Chloride, Polyethylene, and Rubber 

Insulating Tape 
m. UL 67 (1993; R 2002) Panelboards 
n. UL 83 (1998; R 2001, Bul. 2002) Thermoplastic-Insulated Wires and 

Cables
o. UL 845 (1995; R 2002, Bul. 2003) Motor Control Centers 
p. UL 869A (1998; Bul. 2002) Reference Standard for Service Equipment 

1.2 RELATED REQUIREMENTS 

A. Section 16050N BASIC ELECTRICAL MATERIALS AND METHODS, applies to this 
section with additions and modifications specified herein. 

1.3 SUBMITTALS 

A. Government approval is required for submittals with a "G" designation; submittals not 
having a "G" designation are for information only or as otherwise designated.  When 
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used, a designation following the "G" designation identifies the office that will review 
the submittal for the Government.  The following shall be submitted in accordance with 
Section 01330 SUBMITTAL PROCEDURES: 
1. SD-02 Shop Drawings

a. Panelboards; G
b. Transformers; G
c. Motor control centers; G
d. Wireways; G

2. SD-03 Product Data

a. Receptacles; G
b. Circuit breakers; G
c. Switches; G
d. Transformers; G
e. Enclosed circuit breakers; G
f. Motor controllers; G

3. SD-06 Test Reports

a. 600-volt wiring test; G
b. Grounding system test; G
c. Transformer tests; G
d. Ground-fault receptacle test; G

4. SD-07 Certificates
a. Fuses; G

5. SD-09 Manufacturer's Field Reports
a. Transformer factory tests

6. SD-10 Operation and Maintenance Data

B. Submit operation and maintenance data in accordance with Section 01781
OPERATION AND MAINTENANCE DATA and as specified herein. 

1.4 QUALITY ASSURANCE 

A. Submit coordination data as specified in article entitled "FUSES" of this section. 

1.5 MAINTENANCE 

A. Electrical Systems: Submit operation and maintenance manuals for electrical systems 
that provide basic data relating to the design, operation, and maintenance of the 
electrical distribution system for the building.  This shall include: 

1. Single line diagram of the "as-built" building electrical system. 
2. Schematic diagram of electrical control system (other than HVAC, covered 

elsewhere). 
3. Manufacturers' operating and maintenance manuals on active electrical 

equipment.
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PART 2 - PRODUCTS 

2.1 MATERIALS AND EQUIPMENT 

A. Materials, equipment, and devices shall, as a minimum, meet requirements of UL, 
where UL standards are established for those items, and requirements of NFPA 70.

B. PANELBOARDS: UL 67 and UL 50 having a short-circuit current rating.  Panelboards 
for use as service disconnecting means shall additionally conform to UL 869A.
Panelboards shall be circuit breaker-equipped.  Design shall be such that individual 
breakers can be removed without disturbing adjacent units or without loosening or 
removing supplemental insulation supplied as means of obtaining clearances as 
required by UL.  "Specific breaker placement" is required in panelboards to match the 
breaker placement indicated in the panelboard schedule on the drawings.  Use of 
"Subfeed Breakers" is not acceptable unless specifically indicated otherwise.  Main 
breaker shall be "separately" mounted ["above"] [or] ["below"] branch breakers.  Where 
"space only" is indicated, make provisions for future installation of breakers.  
Panelboard locks shall be keyed same.  Directories shall indicate load served by each 
circuit in panelboard.  Directories shall also indicate source of service to panelboard 
(e.g., Panel PA served from Panel MDP).  Type directories and mount in holder behind 
transparent protective covering.  [Panelboards shall be listed and labeled for their 
intended use.] 

C. Panelboard Buses: Support bus bars on bases independent of circuit breakers.  Main 
buses and back pans shall be designed so that breakers may be changed without 
machining, drilling, or tapping.  Provide isolated neutral bus in each panel for 
connection of circuit neutral conductors.  Provide separate ground bus identified as 
equipment grounding bus per UL 67 for connecting grounding conductors; bond to 
steel cabinet. 

1. Panelboard Neutrals for Non-Linear Loads: UL listed, and panelboard type shall 
have been specifically UL heat rise tested for use on non-linear loads.  
Panelboard shall be heat rise tested in accordance with UL 67, except with the 
neutral assembly installed and carrying 200 percent of the phase bus current 
during testing.  Verification of the testing procedure shall be provided upon 
request.  Two neutral assemblies paralleled together with cable is not 
acceptable.  Nameplates for panelboard rated for use on non-linear loads shall 
be marked "SUITABLE FOR NON-LINEAR LOADS."  Provide a neutral label with 
instructions for wiring the neutral of panelboards rated for use on non-linear 
loads.

D. Circuit Breakers: UL 489, [thermal magnetic-type] having a minimum short-circuit 
current rating equal to the short-circuit current rating of the panelboard in which the 
circuit breaker shall be mounted.  Breaker terminals shall be UL listed as suitable for 
type of conductor provided.   Series rated circuit breakers and plug-in circuit breakers 
are unacceptable. 

1. Multi-pole Breakers: Provide common trip-type with single operating handle.  
Breaker design shall be such that overload in one pole automatically causes all 
poles to open.  Maintain phase sequence throughout each panel so that any 
three adjacent breaker poles are connected to Phases A, B, and C, respectively. 
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2. Circuit Breaker With [GFCI] [GFI]: UL 943 and NFPA 70.  Provide with "push-to-
test" button, visible indication of tripped condition, and ability to detect and trip on 
current imbalance of [6 milliamperes or greater per requirements of UL 943 for 
Class A [GFCI] [GFI] devices, for personnel protection,] [and] [20 milliamperes or 
greater per requirements of UL 943 for Class B [GFCI] [GFI] per equipment 
protection.]

3. Circuit Breakers for HVAC Equipment: Circuit breakers for HVAC equipment 
having motors (group or individual) shall be marked for use with HACR type and 
UL listed as HACR type. 

4. Arc-Fault Circuit-Interrupters: UL 489, UL 1699 and NFPA 70.  Molded case 
circuit breaker shall be rated as indicated.  [Two pole arc-fault circuit-interrupters 
shall be rated 120/240 volts.  The provision of (two) one pole circuit breakers for 
shared neutral circuits in lieu of (one) two pole circuit breaker is unacceptable.]  
Provide with "push-to-test" button. 

5. Fusible Switches for Panelboards: NEMA KS 1, hinged door-type.  Switches 
serving as motor disconnect means shall be horsepower rated. 

6. 400 Hz Panelboard and Breakers: Panelboards and breakers for use on 400 Hz 
systems shall be "400 Hz" rated and labeled. 

2.2 TRANSFORMERS

A. NEMA ST 20, general purpose, dry-type, self-cooled, ventilated.  Provide transformers 
in NEMA 1 enclosure.  Transformer shall have 220 degrees C insulation system for 
transformers 15 kVA and greater, and shall have 180 degrees C insulation for 
transformers rated 10 kVA and less, with temperature rise not exceeding 150 degrees 
C under full-rated load in maximum ambient of 40 degrees C.  Transformer of 150 
degrees C temperature rise shall be capable of carrying continuously 100 percent of 
nameplate kVA without exceeding insulation rating.  Transformers shall be quiet type 
with maximum sound level at least 3 decibels less than NEMA standard level for 
transformer ratings indicated. 

B. Specified Transformer Efficiency: Transformers, indicated and specified with:  480V 
primary, 80 degrees C or 115 degrees C temperature rise, kVA ratings of 37.5 to 100 
for single phase or 30 to 500 for three phase, shall be energy efficient type.  Minimum 
efficiency, based on factory test results, shall not be less than NEMA Class 1 efficiency 
as defined by NEMA TP 1.

C.  Transformers With Non-Linear Loads: Transformer insulation shall be a UL recognized 
220 degrees C system.  Neither the primary nor the secondary temperature shall 
exceed 220 degrees C at any point in the coils while carrying their full rating of non-
sinusoidal load.  Transformers are to be UL listed and labeled for [K-4] [K-13] as 
indicated, defined as the sum of fundamental and harmonic lh(pu)2h2 per UL 1561.
Transformers evaluated by the UL K-Factor evaluation shall be listed for [115 degrees 
C] [80 degrees C] average temperature rise only.  Transformers with K-Factor ratings 
with temperature rise of 150 degrees C rise shall not be acceptable.  K-Factor rated 
transformers shall have an impedance range of 3 percent to 5 percent, and shall have 
a minimum reactance of 2 percent to prevent excessive neutral current when supplying 
loads with large amounts of third harmonic. 

2.3 MOTOR CONTROL CENTERS
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A. UL 845, NEMA ICS 2, NEMA ICS 3.  Wiring shall be Class I, Type B, in NEMA Type 1 
enclosure.  Provide control centers suitable for operation on 480-volt, 3-phase, 3-wire, 
60 Hz system and shall have minimum short-circuit withstand and interrupting rating of 
65,000 amperes rms symmetrical.  Incoming power feeder shall be cable entering at 
the top or bottom of enclosure and terminating on terminal lugs .  Main protective 
device shall be molded case circuit breaker rated at  amperes rms symmetrical 
interrupting capacity. Arrange busing so that control center can be expanded from both 
ends. Interconnecting wires shall be copper.  Terminal blocks shall be plug-in-type so 
that controllers may be removed without disconnecting individual control wiring. 

B. Provide the following bus systems.  Power bus shall be braced to withstand fault 
current of 65,000 amperes rms symmetrical.  Wiring troughs shall be isolated from 
horizontal and vertical bus bars. 

1. Horizontal bus shall have continuous current rating of 800  and 600 amperes.  
Main bus shall be copper, silver-plated enclosed in isolated compartment at top 
of each vertical section.  Main bus shall be isolated from wire troughs, starters, 
and other areas. 

2. Vertical bus shall have continuous current rating of 600 amperes, and shall be 
copper, tin-plated.  Vertical bus shall be enclosed in flame-retardant, polyester 
glass "sandwich." 

3. Copper ground bus shall be provided full width of motor control center and shall 
be equipped with necessary lugs. 

C. Motor Disconnecting Devices and Controllers: Shall comply with paragraph entitled 
"Combination Motor Controllers." 

D. Combination Motor Controllers: UL 508 and other requirements in paragraph entitled, 
"Motor Controllers." Controller shall employ molded case circuit breaker.  Circuit 
breakers for combination controllers shall be thermal magnetic. 

2.4 SOURCE QUALITY CONTROL 

A. Transformer Factory Tests: Submittal shall include routine NEMA ST 20 transformer 
test results on each transformer and also contain the results of NEMA "design" and 
"prototype" tests that were made on transformers electrically and mechanically equal to 
those specified. 

PART 3 - EXECUTION 

3.1 FIELD QUALITY CONTROL 

A. Furnish test equipment and personnel and submit written copies of test results.  Give 
Contracting Officer 5 working days notice prior to tests. 

B. Devices Subject to Manual Operation: Each device subject to manual operation shall 
be operated at least five times, demonstrating satisfactory operation each time 

C. 600-Volt Wiring Test: Test wiring rated 600 volt and less to verify that no short circuits 
or accidental grounds exist.  Perform insulation resistance tests on wiring No. 6 AWG 
and larger diameter using instrument which applies voltage of approximately 500 volts 
to provide direct reading of resistance. Minimum resistance shall be 250,000 ohms 
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D. Transformer Tests Perform the standard, not optional, tests in accordance with the 
Inspection and Test Procedures for transformers, dry type, air-cooled, 600 volt and 
below; as specified in NETA ATS.  Measure primary and secondary voltages for proper 
tap settings.  Tests need not be performed by a recognized independent testing firm or 
independent electrical consulting firm. 

END OF SECTION
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SECTION 16410 — INSTALLATION OF AUTOMATIC TRANSFER SWITCHES 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH THE 
FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environmental condi-
tions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section describes the requirements for testing and installing Automatic Transfer 
Switches.  Refer to Part 2 – Products for listing of Government Furnished Equipment 
(GFE)

1.2 REFERENCES 

A. The publications listed below form a part of this specification. Unless otherwise noted, 
the latest version of the reference publication shall apply. The publications are referred 
to in the text by the basic designation only. 

1. INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA) 

a. NETA ATS Electrical Power Distribution Equipment and Systems 

2. NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

a. NFPA 70 National Electrical Code 

1.3 RELATED REQUIREMENTS 

A. Section 16050, "Basic Electrical Materials and Methods," and Section 16081N,
"Apparatus Inspection and Testing," apply to this section, with the additions and 
modifications specified herein. 

1.4 SUBMITTALS 

A. The following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES:

B. Submit scaled drawings for Automatic Transfer Switches installation showing 
equipment with overall dimensions, front view and sectional view.   

1.5 DELIVERY, STORAGE, AND HANDLING 

_____________________________________________________________________________________________ 
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A. Government-Furnished Equipment (GFE): The Government will furnish various 
components and equipment listed in PART 2- PRODUCTS for installation by the 
Contractor.

B. Delivery: Contractor shall receive, the GFE at the jobsite.  Contractor shall unload, 
unpack, and install GFE.  Notify Contracting Officer [_____] calendar days prior to 
when delivery on the site is required.  GFE shall be unpacked in the presence of 
Contracting Officer to determine damage or missing parts.  Contractor shall be 
responsible for damage sustained by the materials and equipment after this inspection.  
Equipment is heavy and easily damaged.  Do not bump or bounce equipment at any 
time.  When lifting, do not tip beyond 5 degrees. 

PART 2 - PRODUCTS 

2.1 CONTRACTOR FURNISHED MATERIAL AND EQUIPMENT 

A. Automatic Transfer Switches shall be GFE.  Product specification for GFE herein is for 
information purposes only. Such equipment required to provide the completely 
operable Automatic Transfer Switches installation includes, but is not necessarily 
limited to, conduit, conduit fittings, insulated conductors, compression lugs, cable trays, 
supports, fasteners, and other such items. 

2.2 AUTOMATIC TRANSFER SWITCHES - GFE

A. Provide three-pole, automatic transfer switches for use in emergency systems in 
accordance with UL 1008.  Each automatic transfer switch shall be rated for total 
system transfer and have the current and voltage ratings as indicated.   

B. Automatic Transfer Switch Controls: Controls for Utility-Generator Automatic Transfer 
Switch: Provide all necessary controls to start the generator set upon loss of the 
normal (utility) source, transfer the load to the generator set upon reaching rated 
voltage and frequency, re-transfer the load when the normal (utility) source returns, 
and stop the generator set. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Conform to the requirements for electrical equipment installations to the requirements 
specified herein, and in strict accordance with NFPA 70, and manufacturer's installation 
drawings and wiring.  During and after installation, until the system is accepted by the 
Contracting Officer, Contractor shall protect equipment, from moisture, dust, and 
contamination.  Upon completion of the Automatic Transfer Switch installation, 
Contracting Officer and Automatic Transfer Switches manufacturer's technical 
representative will inspect the installation for contract compliance.  Contractor shall 
correct installation deficiencies as directed. 

B. Contractor shall notify Contracting Officer in writing at least 45 calendar days prior to 
completion of the Automatic Transfer Switches system installation.  At this time the 
Contracting Officer, will schedule the _____manufacturer's technical representative to 
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inspect the completed installation.  The _____technical representative will provide 
_____ days of service including _____days of instruction for activity personnel.   

C. Installation Inspection: The Automatic Transfer Switches technical representative and 
the Contracting Officer, in the presence of the Contractor, will inspect the completed 
installation.  The Contractor shall correct construction or installation deficiencies as 
directed.

3.2 PREREQUISITES FOR FUNCTIONAL ACCEPTANCE TESTING 

A. Completion of the following requirements is mandatory prior to scheduling functional 
acceptance tests for the automatic transfer switch. 

1. Performance of Acceptance Checks and tests: Complete as specified in 
paragraph entitled "Acceptance Checks and Tests".  The Acceptance Checks 
and Tests shall be accomplished by the Testing organization as described in 
Section 16081, "Apparatus Inspection and Testing." 

B. All test equipment and instruments shall be on hand prior to scheduling field tests, or 
subject to Contracting Officer's approval, evidence shall be provided to show that 
arrangements have been made to have the necessary equipment and instruments on 
site prior to field testing. 

3.3 FIELD QUALITY CONTROL 

A. Give Contracting Officer 15 days notice of dates and times scheduled for tests which 
require the presence of the Contracting Officer.  The Contracting Officer will coordinate 
with the using activity and schedule a time that will eliminate or minimize interruptions 
and interference with the activity operations.  The contractor shall be responsible for 
costs associated with conducting tests outside of normal working hours and with 
incorporating special arrangements and procedures, including temporary power 
conditions.  The contractor shall provide labor, equipment, apparatus, including test 
load, and consumables required for the specified tests.  Calibration of all measuring 
devices and indicating devices shall be certified.  The test load shall be a cataloged 
product in accordance with Section 16050, "Basic Electrical Materials and Methods".  
Perform the following field tests in accordance with the manufacturer's 
recommendations and include the following visual and mechanical inspections and 
electrical tests, performed in accordance with NETA ATS.

B. Automatic Transfer Switch Acceptance Checks and Tests

1. Visual and Mechanical Inspection 

a. Compare equipment nameplate data with specifications and approved 
shop drawings. 

b. Inspect physical and mechanical condition. 
c. Confirm correct application of manufacturer's recommended lubricants. 
d. Verify that manual transfer warnings are attached and visible. 
e. Verify tightness of all control connections. 
f. Verify tightness of accessible bolted connections by calibrated torque-

wrench method.  Thermographic survey is not required.  
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g. Perform manual transfer operation. 
h. Verify positive mechanical interlocking between normal and alternate 

sources.

2. Electrical Tests 

a. Measure contact-resistance. 
b. Perform insulation-resistance on each pole, phase-to-phase and phase-to-

ground with switch closed, and across each open pole for one minute.  
Perform tests in both source positions. 

c. Verify settings and operations of control devices. 
d. Calibrate and set all relays and timers. 

C. Functional Acceptance Tests: Functional Acceptance Tests shall[ be coordinated with 
Section “Packaged Engine Generator Tests” and shall] include simulating power failure 
and demonstrating the following operations for each automatic transfer switch.  
Contractor shall show by demonstration in service that the automatic transfer switches 
are in good operating condition, and function not less than five times. 

D. Perform automatic transfer tests: 

a. Simulate loss of normal/preferred power. 
b. Return to normal/preferred power. 
c. Simulate loss of emergency power. 
d. Simulate all forms of single-phase conditions. 

2. Verify correct operation and timing of the following functions: 

a. Normal source voltage-sensing relays. 
b. Engine start sequence. 
c. Time delay upon transfer. 
d. Alternate source voltage-sensing relays. 
e. Automatic transfer operation. 
f. Interlocks and limit switch function. 
g. Time delay and retransfer upon normal power restoration. 

END OF SECTION 
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SECTION 16412 — INSTALLATION OF STATIC TRANSFER SWITCH 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH THE 
FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environmental condi-
tions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1 - GENERAL 

1.1 REFERENCES 

The publications listed below form a part of this specification. Unless otherwise noted, the lat-
est version of the reference publication shall apply. The publications are referred to in the text 
by basic designation only. 

1. NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

a. NFPA 70 National Electrical Code 
b. NFPA 110 Emergency and Standby Power Systems 

1.2 SUBMITTALS 

A. The following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES:

B.   Dimensioned plans, sections and elevations showing minimum clearances, weights, 
and conduit entry provisions for each STS. 

1.3 DELIVERY, STORAGE, AND HANDLING 

A. Government-Furnished Equipment (GFE): The Government will furnish various 
components and equipment listed in PART 2- PRODUCTS for installation by the 
Contractor.

B. Delivery: Contractor shall receive GFE at the jobsite.  Contractor shall unload, unpack, 
and install GFE.  Notify Contracting Officer [_____] calendar days prior to when 
delivery on the site is required.  GFE shall be unpacked in the presence of Contracting 
Officer to determine damage or missing parts.  Contractor shall be responsible for 
damage sustained by the materials and equipment after this inspection.  Equipment is 
heavy and easily damaged.  Do not bump or bounce equipment at any time.  When 
lifting, do not tip beyond 5 degrees. 

PART 2 - PRODUCTS 

2.1 CONTRACTOR FURNISHED MATERIAL AND EQUIPMENT 
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A. Static Transfer Switches shall be GFE.  Product specification for GFE herein is for 
information purposes only. Such equipment required to provide the completely 
operable Static Transfer Switches installation includes, but is not necessarily limited to, 
conduit, conduit fittings, insulated conductors, compression lugs, cable trays, supports, 
fasteners, and other such items. 

2.2 STATIC TRANSFER SWITCH (STS) - GFE 

A. The Static transfer Switch is a Solid State Three Phase, 3 Pole or 4 Pole dual position 
switch with characteristics as indicated on the drawings. 

PART 3 - EXECUTION 

3.1 INSTALLATION

A. Conform to the requirements for electrical equipment installations to the requirements 
specified herein, and in strict accordance with NFPA 70, and manufacturer's installation 
drawings and wiring.  During and after installation, until the system is accepted by the 
Contracting Officer, Contractor shall protect equipment, from moisture, dust, and 
contamination.  Upon completion of the Static Transfer Switch installation, Contracting 
Officer and Static Transfer Switch manufacturer's technical representative will inspect 
the installation for contract compliance.  Contractor shall correct installation 
deficiencies as directed. 

B. Contractor shall notify Contracting Officer in writing at least 45 calendar days prior to 
completion of the Static Transfer Switch system installation.  At this time the 
Contracting Officer, will schedule the manufacturer's technical representative to inspect 
the completed installation.  The technical representative will provide _____ days of 
service including _____days of instruction for activity personnel.   

C. Installation Inspection: The Static Transfer Switch technical representative and the 
Contracting Officer, in the presence of the Contractor, will inspect the completed 
installation.  The Contractor shall correct construction or installation deficiencies as 
directed.

3.2 INSTRUCTIONS

A. Manufacturer's approved operating instructions shall be permanently secured to 
cabinet where operator can see them.  One-line and elementary or schematic diagram 
shall be permanently secured to inside of front enclosure door. 

B. Training: The manufacturer shall provide one day of on-site training for a maximum of 
five (5) owner personnel in the operation of the STS units. 

C. Following completion of STS installation and after making proper adjustments and 
settings, site tests shall be performed in accordance with manufacturer's written 
instructions to demonstrate that each STS functions satisfactorily and as specified.  
Contractor shall advise Contracting Officer not less than 5 working days prior to 
scheduled date for site testing, and shall provide certified field test reports within 2 
calendar weeks following successful completion of site tests.  Test reports shall 
describe adjustments and settings made and site tests performed.  Minimum 
operational tests shall include the following: 
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1. Insulation resistance shall be tested, both phase-to-phase and phase-to-ground. 
2. Power failure of normal source shall be simulated by opening upstream 

protective device.  This test shall be performed a minimum of five times. 
3. Power failure of emergency source with normal source available shall be 

simulated by opening upstream protective device for emergency source.  This 
test shall be performed a minimum of five times. 

4. Low phase-to-ground voltage shall be simulated for each phase of normal 
source.

5. Operation and settings shall be verified for specified STS features, such as 
override time delay, transfer time delay, return time delay and supplemental 
features.

6. Manual and automatic STS and BP/IS functions shall be verified. 

END OF SECTION 16412 
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SECTION 16442 — INSTALLATION OF SWITCHBOARDS 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH THE 
FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environmental condi-
tions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1 - GENERAL 

1.1 REFERENCES 

A. The publications listed below form a part of this specification. Unless otherwise noted, 
the latest version of the reference publication shall apply. The publications are referred 
to in the text by the basic designation only. 

1. INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA) 

a. NETA ATS Electrical Power Distribution Equipment and Systems 

2. NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

a. NFPA 70 National Electrical Code 

1.2 RELATED REQUIREMENTS 

A. Section 16050, "Basic Electrical Materials and Methods," and Section 16081,
"Apparatus Inspection and Testing" apply to this section, with the additions and 
modifications specified herein. 

1.3 SUMMARY 

A. The Contractor shall furnish and install the equipment specified herein.  The equipment 
shall be as shown in the Drawings and outlined below.   

1.4 SUBMITTALS 

A. The following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES:

1. Submit scaled drawings for Switchboard installation showing equipment with 
overall dimensions, front view and sectional view. 

2. SD-06 Test Reports

a. Switchboard design tests;
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b. Switchboard production tests;
c. Acceptance checks and tests;

3. SD-11 Closeout Submittals

a. Equipment Test Schedule;
b. Request for Settings;

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Government-Furnished Equipment (GFE): The Government will furnish various 
components and equipment listed in PART 2- PRODUCTS for installation by the 
Contractor.

B. Delivery: Contractor shall receive the GFE at the jobsite.  Contractor shall unload, 
unpack, and install GFE.  Notify Contracting Officer [_____] calendar days prior to 
when delivery on the site is required.  GFE shall be unpacked in the presence of 
Contracting Officer to determine damage or missing parts.  Contractor shall be 
responsible for damage sustained by the materials and equipment after this inspection.  
Equipment is heavy and easily damaged.  Do not bump or bounce equipment at any 
time.  When lifting, do not tip beyond 30 degrees. 

PART 2 - PRODUCTS 

2.1 CONTRACTOR FURNISHED MATERIAL AND EQUIPMENT 

A. Switchboards shall be GFE.  Product specification for GFE herein is for information 
purposes only. Such equipment required to provide the completely operable 
Switchboards installation includes, but is not necessarily limited to, conduit, conduit 
fittings, insulated conductors, compression lugs, cable trays, supports, fasteners, and 
other such items. 

2.2 PRODUCT COORDINATION 

A. Products and materials not considered to be switchboards and related accessories are 
specified in Section 16402, "Interior Distribution System". 

2.3 SWITCHBOARD - GFE

1. NEMA PB 2 and UL 891.

B. The voltage and ampere rating of the switchboard shall be as indicated.  The 
continuous current rating of the main bus shall be as indicated.   

2.4 NAMEPLATES - GFE 

A. Install nameplates provided with switchboards. Nameplates are GFE. 

2.5 WARNING SIGNS 

A. Provide as specified in Section 16050  "Basic Electrical Materials and Methods." 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Conform to the requirements for electrical equipment installations specified herein, and 
in strict accordance with IEEE C2 and NFPA 70, and manufacturer's installation 
drawings and wiring.  During and after installation, until the system is accepted by the 
Contracting Officer, Contractor shall protect equipment, from moisture, dust, and 
contamination.  Upon completion of the Switchboards installation, Contracting Officer 
and Switchboards manufacturer's technical representative will inspect the installation 
for contract compliance.  Contractor shall correct installation deficiencies as directed. 

B. Contractor shall notify Contracting Officer in writing at least 45 calendar days prior to 
completion of the Switchboards system installation.  At this time the Contracting 
Officer, will schedule the _____manufacturer's technical representative to inspect the 
completed installation.  The _____technical representative will provide _____ days of 
service including _____days of instruction for activity personnel.   

C. Installation Inspection: The Switchboards technical representative and the Contracting 
Officer, in the presence of the Contractor, will inspect the completed installation.  The 
Contractor shall correct construction or installation deficiencies as directed. 

3.2 GROUNDING 

A. NFPA 70 and IEEE C2, except that grounds and grounding systems shall have a 
resistance to solid earth ground not exceeding 5 ohms. 

B. Grounding Electrodes:  Connect ground conductors to the upper end of the ground 
rods by exothermic weld or compression connector.  Provide compression connectors 
at equipment end of ground conductors. 

C. Equipment Grounding:  Provide bare copper cable not smaller than No. 4/0 AWG not 
less than 24 inches below grade connecting to the indicated ground rods.  When work 
in addition to that indicated or specified is directed to obtain the specified ground 
resistance, the provision of the contract covering "Changes" shall apply. 

D. Connections:  Make joints in grounding conductors and loops by exothermic weld. 
Bonding resistance of all interconnections shall be (1) milliohm or less for each bond 
when measured with a 4-terminal milliohm meter. Provide exothermic welded 
connection for all underground and limited access locations. Circumference crimp 
connections for all other locations. 

E. Grounding and Bonding Equipment: UL 467, except as indicated or specified 
otherwise.

3.3 INSTALLATION OF EQUIPMENT AND ASSEMBLIES 

A. Install and connect equipment furnished under this section as indicated on project 
drawings, the approved shop drawings, and as specified herein. 

B. Switchboard:  NEMA PB 2.1.
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C. Meters and Instrument Transformers: NEMA C12.1.

D. Galvanizing Repair: Repair damage to galvanized coatings using ASTM A 780, zinc 
rich paint, for galvanizing damaged by handling, transporting, cutting, welding, or 
bolting.  Do not heat surfaces that repair paint has been applied to. 

3.4 FOUNDATION FOR EQUIPMENT AND ASSEMBLIES 

A. Interior Location:  Mount switchboard on concrete slab.  Unless otherwise indicated, 
the slab shall be at least 4 inches thick.  The top of the concrete slab shall be 
approximately 4 inches above finished floor.  Edges above floor shall have 1/2 inch 
chamfer.  The slab shall be of adequate size to project at least 8 inches beyond the 
equipment.  Provide conduit turnups and cable entrance space required by the 
equipment to be mounted.  Seal voids around conduit openings in slab with water- and 
oil-resistant caulking or sealant.  Cut off and bush conduits 3 inches above slab 
surface.  Concrete work shall be as specified in Section 03300N, "Cast-In-Place 
Concrete".

3.5 FIELD QUALITY CONTROL 

A. Contractor shall submit request for settings of breakers to the Contracting Officer after 
approval of switchboard and at least 30 days in advance of their requirement. 
Contractor shall set all settings. 

B. Performance of Acceptance Checks and Tests: Perform in accordance with the 
manufacturer's recommendations and include the following visual and mechanical 
inspections and electrical tests, performed in accordance with NETA ATS.

1. Switchboard Assemblies 

a. Visual and Mechanical Inspection 

1) Compare equipment nameplate data with specifications and 
approved shop drawings. 

2) Inspect physical, electrical, and mechanical condition. 
3) Confirm correct application of manufacturer's recommended 

lubricants. 
4) Verify appropriate anchorage, required area clearances, and correct 

alignment.
5) Inspect all doors, panels, and sections for paint, dents, scratches, fit, 

and missing hardware. 
6) Verify that [fuse and] circuit breaker sizes and types correspond to 

approved shop drawings. 
7) Verify that current transformer ratios correspond to approved shop 

drawings.
8) Inspect all bolted electrical connections for high resistance using low-

resistance ohmmeter, verifying  tightness of accessible bolted 
electrical connections by calibrated torque-wrench method, or 
performing thermographic survey. 

9) Confirm correct operation and sequencing of electrical and 
mechanical interlock systems. 
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10) Clean switchboard. 
11) Inspect insulators for evidence of physical damage or contaminated 

surfaces.
12) Verify correct barrier [and shutter] installation [and operation]. 
13) Exercise all active components. 
14) Inspect all mechanical indicating devices for correct operation. 
15) Verify that vents are clear. 
16) Test operation, alignment, and penetration of instrument transformer 

withdrawal disconnects. 
17) Inspect control power transformers. 

b. Electrical Tests 

1) Perform insulation-resistance tests on each bus section. 
2) Perform overpotential tests. 
3) Perform insulation-resistance test on control wiring; Do not perform 

this test on wiring connected to solid-state components. 
4) Perform control wiring performance test. 
5) Perform primary current injection tests on the entire current circuit in 

each section of assembly. 
6) Perform phasing check on double-ended switchboard to ensure 

correct bus phasing from each source. 
7) Verify operation of switchboard heaters. 

2. Circuit Breakers - Low Voltage - Power 

a. Visual and Mechanical Inspection 

1) Compare nameplate data with specifications and approved shop 
drawings.

2) Inspect physical and mechanical condition. 
3) Confirm correct application of manufacturer's recommended 

lubricants. 
4) Inspect anchorage, alignment, and grounding.  Inspect arc chutes.  

Inspect moving and stationary contacts for condition, wear, and 
alignment.

5) Verify that all maintenance devices are available for servicing and 
operating the breaker. 

6) Verify that primary and secondary contact wipe and other dimensions 
vital to satisfactory operation of the breaker are correct. 

7) Perform all mechanical operator and contact alignment tests on both 
the breaker and its operating mechanism. 

8) Inspect all bolted electrical connections for high resistance using low-
resistance ohmmeter, verifying  tightness of accessible bolted 
electrical connections by calibrated torque-wrench method, or 
performing thermographic survey. 

9) Verify cell fit and element alignment. 
10) Verify racking mechanism. 

b. Electrical Tests 
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1) Perform contact-resistance tests on each breaker. 
2) Perform insulation-resistance tests. 
3) Adjust Breaker(s) for final settings in accordance with Government 

provided settings. 
4) Determine long-time minimum pickup current by primary current 

injection. 
5) Determine long-time delay by primary current injection. 
6) Determine short-time pickup and delay by primary current injection. 
7) Determine ground-fault pickup and delay by primary current injection. 
8) Determine instantaneous pickup value by primary current injection. 
9) Activate auxiliary protective devices, such as ground-fault or 

undervoltage relays, to ensure operation of shunt trip devices; Check 
the operation of electrically-operated breakers in their cubicle. 

10) Verify correct operation of any auxiliary features such as trip and 
pickup indicators, zone interlocking, electrical close and trip 
operation, trip-free, and antipump function. 

11) Verify operation of charging mechanism. 

3. Circuit Breakers:  [Low Voltage - Insulated-Case] [and] [Low Voltage Molded 
Case with Solid State Trips] 

a. Visual and Mechanical Inspection 

1) Compare nameplate data with specifications and approved shop 
drawings.

2) Inspect circuit breaker for correct mounting. 
3) Operate circuit breaker to ensure smooth operation. 
4) Inspect case for cracks or other defects. 
5) Inspect all bolted electrical connections for high resistance using low 

resistance ohmmeter, verifying tightness of accessible bolted 
connections and/or cable connections by calibrated torque-wrench 
method, or performing thermographic survey. 

6) Inspect mechanism contacts and arc chutes in unsealed units. 

b. Electrical Tests 

1) Perform contact-resistance tests. 
2) Perform insulation-resistance tests. 
3) Perform Breaker adjustments for final settings in accordance with 

Government provided settings. 
4) Perform long-time delay time-current characteristic tests 
5) Determine short-time pickup and delay by primary current injection. 
6) Determine ground-fault pickup and time delay by primary current 

injection. 
7) Determine instantaneous pickup current by primary injection.] 
8) Verify correct operation of any auxiliary features such as trip and 

pickup indicators, zone interlocking, electrical close and trip 
operation, trip-free, and anti-pump function. 

4. Current Transformers 
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a. Visual and Mechanical Inspection 

1) Compare equipment nameplate data with specifications and 
approved shop drawings. 

2) Inspect physical and mechanical condition. 
3) Verify correct connection. 
4) Verify that adequate clearances exist between primary and 

secondary circuit. 
5) Inspect all bolted electrical connections for high resistance using low-

resistance ohmmeter, verifying  tightness of accessible bolted 
electrical connections by calibrated torque-wrench method, or 
performing thermographic survey. 

6) Verify that all required grounding and shorting connections provide 
good contact. 

b. Electrical Tests 

1) Perform resistance measurements through all bolted connections 
with low-resistance ohmmeter, if applicable. 

2) Perform insulation-resistance tests. 
3) Perform polarity tests. 
4) Perform ratio-verification tests. 

5. Metering and Instrumentation 

a. Visual and Mechanical Inspection 

1) Compare equipment nameplate data with specifications and 
approved shop drawings. 

2) Inspect physical and mechanical condition.   
3) Verify tightness of electrical connections. 

b. Electrical Tests 

1) Determine accuracy of meters at 25, 50, 75, and 100 percent of full 
scale.

2) Calibrate watthour meters according to manufacturer's published 
data.

3) Verify all instrument multipliers. 
4) Electrically confirm that current transformer and voltage transformer 

secondary circuits are intact. 

6. Grounding System 

a. Visual and Mechanical Inspection 

1) Inspect ground system for compliance with contract plans and 
specifications. 

b. Electrical Tests 
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1) Perform ground-impedance measurements utilizing the fall-of-
potential method.  On systems consisting of interconnected ground 
rods, perform tests after interconnections are complete.  On systems 
consisting of a single ground rod perform tests before any wire is 
connected.  Take measurements in normally dry weather, not less 
than 48 hours after rainfall.  Use a portable ground testing megger in 
accordance with manufacturer's instructions to test each ground or 
group of grounds.  The instrument shall be equipped with a meter 
reading directly in ohms or fractions thereof to indicate the ground 
value of the ground rod or grounding systems under test. 

2) Submit the measured ground resistance of each ground rod and 
grounding system, indicating the location of the rod and grounding 
system.  Include the test method and test setup (i.e., pin location) 
used to determine ground resistance and soil conditions at the time 
the measurements were made. 

C. Follow-Up Verification 

Upon completion of acceptance checks, settings, and tests, the Contractor shall show by 
demonstration in service that circuits and devices are in good operating condition and prop-
erly performing the intended function. Circuit breakers shall be tripped by operation of each 
protective device. Test shall require each item to perform its function not less than three 
times. As an exception to requirements stated elsewhere in the contract, the Contracting Offi-
cer shall be given 5 working days advance notice of the dates and times for checks, settings, 
and tests. 

END OF SECTION
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SECTION 16461 – INSTALLATION OF DRY TYPE TRANSFORMERS (600V AND LESS) 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH 
THE FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, 
environmental conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1  - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and 
Division 1 Specification Sections, apply to this and other Sections of Division 16. 

1.2 SUMMARY 

A. This Section describes the requirements for testing and installing Dry Type 
Transformers.  Refer to Part 2-PRODUCTS , for listing of Government Furnished 
Equipment (GFE).

1.3 SUBMITTALS 

A. Qualification data for firms and persons specified in the "Quality Assurance" Article to 
demonstrate their capabilities and experience.  Include a list of relevant completed 
projects with project names and addresses, and names and addresses of the 
respective Owner’s Representatives and Owners. 

B. Field test reports of tests and inspections conducted according to Part 3 of this 
Section.

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Government-Furnished Equipment (GFE): The Government will furnish various 
components and equipment listed in PART 2- PRODUCTS for installation by the 
Contractor.

B. Delivery: Contractor shall receive, the GFE at the jobsite.  Contractor shall unload, 
unpack, and install GFE.  Notify Contracting Officer [_____] calendar days prior to 
when delivery on the site is required.  GFE shall be unpacked in the presence of 
Contracting Officer to determine damage or missing parts.  Contractor shall be 
responsible for damage sustained by the materials and equipment after this inspection.  
Equipment is heavy and easily damaged.  Do not bump or bounce equipment at any 
time.  When lifting, do not tip beyond 5 degrees. 
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C. Temporary Heating:  Apply temporary heat according to manufacturer's 
recommendations within the enclosure of each ventilated type unit throughout periods 
during which equipment is not energized and is not in a space that is continuously 
under normal control of temperature and humidity. 

1.5 QUALITY ASSURANCE 

A. Field-Testing Agency Qualifications:  To qualify for acceptance, an independent testing 
agency must demonstrate, based on evaluation of agency-submitted criteria 
conforming to ASTM E 699, that it has the experience and capability to satisfactorily 
conduct the testing indicated. 

B. Comply with NFPA 70 "National Electrical Code." 

C. Comply with IEEE C2 "National Electrical Safety Code." 

1.6 COORDINATION 

A. Coordinate size and location of concrete bases, cast anchor-bolt inserts into bases, 
concrete reinforcements and formwork requirements in Division 3. 

PART 2  - PRODUCTS 

2.1 GENERAL PUPOSE, DRY-TYPE TRANSFORMERS – GFE  

PART 3  EXECUTION 

3.1 INSTALLATION 

A. Arrange equipment to provide adequate spacing for access and for cooling air 
circulation.  Examine walls and floors for suitable mounting conditions where 
transformers will be installed. 

B. Install floor-mounting transformers level on concrete bases.  Construct concrete bases 
not less than four inches larger in both directions than supported unit and four inches 
high.

C. Identify transformers and install warning signs according to Division 16 Section 16075 - 
Electrical Identification. 

D. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values.  Where manufacturer's torque values are not furnished, use 
those specified in UL 486A and UL 486B. 

E. Final electrical connections to transformer shall be with flexible metal conduit (except 
service transformers). 

F. Provide vibration eliminators to minimize vibration transmission via structure.  Vibration 
eliminator shall be as manufactured by Eliminator Company Inc., Long Island City, New 
York.
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G. Do not use expansion bolts to fasten the transformer to the structure. 

H. Locate wiring compartment at bottom to ensure termination of the cable leads at lowest 
temperature level.  Conduit entrances shall be the lower portion of each end with this 
area suitably marked. 

3.2 GROUNDING 

A. Transformer secondary winding neutral, core and enclosure shall be grounded in 
accordance with the latest National Electrical Code requirements. 

3.3 FIELD QUALITY CONTROL 

A. Independent Testing Agency:  Provide services of an independent electrical testing 
agency according to the requirements of Division 1 Section "Quality Control Services" 
to perform tests on installations made under this Section. 

B. Test Objectives:  To ensure transformer installation is operational within industry and 
manufacturer's tolerances, install according to Contract Documents, and suitable for 
energizing.

C. Test Labeling:  Upon satisfactory completion of tests for each unit, attach a dated and 
signed "Satisfactory Test" label to the tested component. 

D. Schedule tests and provide notification at least one week in advance of test 
commencement.

E. Report:  Submit a written report of observations and tests.  Report defective materials 
and workmanship. 

F. Tests:  Include the following minimum inspections and tests according to the 
manufacturer's instructions.  Conform to IEEE Standard Test Code C57.12.91 for dry-
type units, test method, and data correction factors. 

1. Inspect accessible components for cleanliness, mechanical, and electrical 
integrity, for presence of damage or deterioration, and to ensure removal of 
temporary shipping bracing.  Do not proceed with tests until deficiencies are 
corrected.

a. Include internal inspection through access panels and covers. 
b. Inspect bolted electrical connections for tightness according to 

manufacturer's published torque values or, where not available, those of 
UL standards 486A and 486B. 

2. Insulation Resistance:  Perform megohmmeter test of primary and secondary 
winding-to-winding and winding-to-ground.  Use a minimum test voltage of 1,000 
V d.c.  Minimum insulation resistance is 500 megohms. 

3. Duration of Each Test:  10 minutes. 
4. Temperature Correction:  Correct results for test temperature deviation from 20 

degrees C standard. 
5. Verify transformer impedance. 
6. High Voltage BIL - 10kV 
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7. Applied Voltage Test - 4kV 
8. Ratio and Polarity Test 
9. Induced Voltage Test - Two times the normal voltage 

G. Test Failures:  Correct deficiencies identified by tests and retest.  Verify that equipment 
meets the specified requirements. 

3.4 ADJUSTING 

A. After completing installation, cleaning, and testing, touch up scratches and mars on 
finish to match original finish. 

B. Adjust transformer taps to provide optimum voltage conditions at utilization equipment 
throughout the normal operating cycle of the facility.  Record voltages and tap settings 
to submit with test results. 

END OF SECTION 16461 
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SECTION 16610 – INSTALLATION OF UNINTERRUPTIBLE POWER SUPPLY SYSTEMS – 
SINGLE MODULE 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH 
THE FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, 
environmental conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section. 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section describes the requirements for testing and installing Uninterruptible Power 
Supply (UPS) equipment as specified herein. Refer to Part 2 – PRODUCTS, for listing 
of Government Furnished Equipment (GFE). 

B. The Installing Contractor shall be required to provide the following for GFE: 

1. Unloading, rigging and installation. 
2. Concrete pads and superstructure reinforcement. 
3. Interconnecting wiring external to the enclosures of equipment specified herein. 
4. Conduit external to the equipment specified herein. 
5. Cabling for site tests. 

1.2 DEFINED TERMS 

A. Refer to the Instructions to Bidders Section for the definition of general terms 
appearing in this Specification. 

B. The following special terms appearing in this Specification Section shall have the 
following meanings: 

1. “Uninterruptible Power Supply System” or “UPS System” shall denote a complete 
Uninterruptible Power Supply System, including power converter modules, 
batteries and associated accessories. 

2. The term "Manufacturer" or "Vendor" shall mean the successful supplier of the 
specific equipment referred to in these Specifications. 

3. The term "Contractor", “Installing Contractor” or "Installation Contractor" shall 
mean and intend the party selected by the Owner to furnish labor and material to 
install the equipment referred to in these Specifications. 

4. The term "Owner" used in these Specifications shall mean Federal Aviation 
Authority (FAA). 

5. The term "Engineer" or "Electrical Engineer" used in these Specifications shall 
mean the consulting engineer as determined by FAA. 

1.3 SUBMITTALS 
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A. Submit scaled drawings for Switchboard installation showing equipment with overall 
dimensions, front view and sectional view. 

1.4 APPLICABLE CODES, STANDARDS, AND APPROVALS 

A. The design, equipment, installation and testing shall be in accordance with the 
applicable requirements set forth in the following standards: 

1. National Fire Protection Association:  (NFPA) 
2. NFPA-70 (National Electrical Code) 
3. NETA ATS (International Electrical Testing Association Acceptance Testing 

Specifications) 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Government-Furnished Equipment (GFE): The Government will furnish various 
components and equipment listed in PART 2- PRODUCTS for installation by the 
Contractor.

B. Delivery: Contractor shall receive GFE at the jobsite.  Contractor shall unload, unpack, 
and install GFE.  Notify Contracting Officer on-site prior to when delivery on the site is 
required.  GFE shall be unpacked in the presence of Contracting Officer to determine 
damage or missing parts.  Contractor shall be responsible for damage sustained by 
the materials and equipment after this inspection.  Equipment is heavy and easily 
damaged.  Do not bump or bounce equipment at any time.  When lifting, do not tip 
beyond 5 degrees. 

PART 2 - PRODUCTS 

2.1 CONTRACTOR FURNISHED MATERIAL AND EQUIPMENT 

A. UPS, Batteries, and Battery Packs shall be GFE.  Product specification for GFE herein 
is for information purposes only. Such equipment required to provide the completely 
operable UPS, Batteries, and Battery Packs installation includes, but is not necessarily 
limited to, conduit, conduit fittings, insulated conductors, compression lugs, cable 
trays, supports, fasteners, and other such items. 

2.2 UPS SYSTEM - GFE 

A. The UPS shall be comprised of one UPS module operating as a stand alone system.   
There are 6 systems being installed for CR/DR contract.  This continuous duty, three-
phase, solid-state, single-module, uninterruptible power supply system shall hereafter 
be referred to as the UPS.  The UPS shall provide computer grade power for electronic 
equipment loads having significant levels of harmonic distortion (100%).  The 
configuration of the system is shown on the system one-line drawing and shall be rated 
at 480 volts three phase, three wire, 60 Hz input and 480 volts, three phase, three wire, 
60 Hz output. 

2.3 SYSTEM DESCRIPTION - GFE 

A. The UPS system shall consist of the following major components: 
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1. One rectifier/battery charger/inverter power converter module rated delineated in 
table No. 1 and as shown on drawings, including an input harmonic filter and an 
input isolation transformer. 

2. One (1) battery circuit breaker disconnect switch (600 VDC). 
3. UPS input and output circuit breaker. 
4. UPS system control including the static transfer switch, with internal static bypass 

and all system control and monitoring. 
5. Module and system metering. 
6. System interfaces as required for monitoring by an Power Monitoring Control 

System (PMCS). 

B. Modules shall convert incoming AC power to DC and store energy in individual battery 
strings, one per module.  At the same time they shall provide sufficient DC power for 
the inverters to reconstruct AC power at their outputs, which is collected at the UPS 
system output bus to provide conditioned power to the critical load.  The DC energy is 
utilized to power the critical load during out-of-tolerance conditions of the incoming 
power, including total power outages for the specified time. 

C. UPS system modules shall be capable of providing full rated kW output for load power 
factor ranging from .8 (lagging) to 1.0 for 15 minutes through the batteries provided.  
Duration of less than 15 minutes at this kW rating for load power factors above 0.8 is 
not acceptable. 

2.4 BATTERY, BATTERY RACKS, BATTERY SPILL CONTAINMENT, AND BATTERY 
CIRCUIT BREAKER - GFE 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Conform to the requirements for electrical equipment installations to the requirements 
specified herein, and in strict accordance with NFPA 70, and manufacturer's 
installation drawings and wiring.  During and after installation, until the system is 
accepted by the Contracting Officer, Contractor shall protect equipment, from 
moisture, dust, and contamination.  Upon completion of the UPS installation, 
Contracting Officer and UPS manufacturer's technical representative will inspect the 
installation for contract compliance.  Contractor shall correct installation deficiencies as 
directed.

B. Contractor shall notify Contracting Officer in writing at least 14 calendar days prior to 
completion of the UPS system installation.  At this time the Contracting Officer, will 
schedule the manufacturer's technical representative to inspect the completed 
installation and to perform start up on the equipment.    

C. Installation Inspection: The UPS technical representative and the Contracting Officer, 
in the presence of the Contractor, will inspect the completed installation.  The 
Contractor shall correct construction or installation deficiencies as directed. 

D. The installing Contractor shall provide labor for the installation of UPS modules, 
batteries/racks, disconnects, breakers and all associated external materials for power 
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and controls.  All rigging required for unloading and installation shall be the 
responsibility of the Contractor. 

E. The UPS system shall be installed following the procedures set forth by the UPS 
system Vendor. The Vendor shall assist the installing Contractor as required in 
interpreting the installation instructions.  The Contractor shall certify to the Vendor and 
the Owner that the installation has been performed per the Vendor’s latest documents 
and instructions.  The Vendor’s field service personnel shall work with the Owner’s 
battery installer to assure proper connection to the UPS system. 

3.2 START-UP COMMISSIONING 

A. After installation, the Vendor shall provide one or more qualified, experienced 
representatives to assist and supervise start-up and commissioning.  The Owner will 
advise the Vendor at least 5 days in advance of the date when such supervisors will be 
required.  Such supervisors shall meet with the Owner prior to the start-up and 
commissioning to establish a mutually agreeable schedule for start-up and 
commissioning testing activities.  The supervisors shall be assigned to work 
continuously until successful start-up completion. 

B. The Contractor shall provide labor as required for commissioning the UPS system.  
The Contractor shall engage qualified electricians as required to commission the UPS 
system. 

C. UPS-testing 

1. UPS-Module 

a. UPS Data 

1) Make:________________________ Model: __________________ 
2) Serial #: ____________________ kVA: _    ____ kW:_________ 

b. Battery Data_ 

1) Make:____________________  Model: __________________ 
2) # of Strings: _______ Jars/string: ______ Cells/Jar: _________  

 Float/Cell: ____ 

c. Steady-State Load Tests 

1) Connect the RPM recorder to the input of the UPS module to be 
tested.

2) Record the three phase input voltage, current, power, pF, and total 
harmonic distortion (voltage and current distortion) with the RPM 
recorder. Record, on the attached data sheets, the three phase input 
voltage and current readings from the RPM recorder and from the 
UPS front panel at the following load levels: 

a) 100% load. 
b) 50%  load. 
c) No load (0% load). 
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3) Connect the RPM recorder to the output of the UPS module to be 
tested.

4) Record three phase output voltage, current, power, pF, and total 
harmonic distortion (voltage and current distortion) with the RPM. 
Record, on the attached data sheets, three phase output voltage and 
current readings from the RPM recorder and from the UPS front 
panel at the following load levels: 

a) 100% load. 
b) 50% load. 
c) No load (0% load). 

5) While 100% load is applied to the unit record the following on the 
attached data pages:  

a) Three phase current into the input filter. 
b) Three phase current into the output filter. 
c) Three phase current into the rectifier(s). 

d. Transient Load Tests 

1) Connect the Waveform Recorder to the output of the UPS module to 
measure three phases of output voltage, and one phase of output 
current.

2) Record the following load step transients with the waveform recorder: 

a) 0% - 50% - 0%. 
b) 50% - 100% - 50%. 
c) 25% - 75% - 25%. 

3) Connect the Waveform recorder to measure three phases of output 
voltage and one phase current of the bypass input. 

4) Record the following transfer transients with the waveform recorder: 

a) Normal transfer to bypass with 100% load applied. 
b) Module failure to bypass with 100% load applied. 
c) Move the waveform recorder CT to the modules input. Transfer 

from bypass to UPS with 100% load applied. 

e. Battery Discharge Test 

1) Verify that the UPS Module’s low battery shutdown voltage setting is 
set to the level above battery manufacturer’s end of discharge 
voltage criteria. 

2) Connect the Waveform recorder to measure three phases of output 
voltage and one phase of input current. 

3) Verify that the RPM is connected to the output of the UPS module. 
Set the RPM to MONITOR mode. 
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4) Connect a Fluke multi-meter to measure the mV drop across the DC 
shunt of the UPS module. Record the mV/amp ratio on the battery 
discharge data sheet. 

5) Connect another Fluke multi-meter to measure the DC bus voltage. 
6) Verify that 100% load is applied to the UPS module. 
7) Send the UPS module to battery. Record the following: 

a) The initial transfer to battery with the waveform recorder. 
b) DC bus voltage and current from the UPS front panel 
c) DC bus voltage and DC shunt mV from the Fluke multi-meters 
d) Infrared scan the batteries during battery discharge. 

8) End the battery discharge test when either the battery manufacturers 
end of discharge voltage is reached, or the UPS manufacturers low 
battery shutdown voltage is reached (whichever occurs first). 

10) Record the utility restoration and rectifier ramp with the waveform 
recorder.

f. Infrared Scan 

1) Infrared scan the entire UPS module after 100% load has been 
applied for a minimum of 15 minutes. 

2) Infrared scan all UPS batteries and battery connections during 
battery discharge. 

3) Infrared scan all UPS batteries during battery recharge for 
approximately 5 minutes. 

4) Transfer the UPS module to internal bypass and infrared scan the 
internal bypass path once full load has been applied for a minimum 
of 15 minutes. 

5) Transfer the UPS module to Maintenance bypass and infrared scan 
the load C side of the MBC cabinet once full load has been applied 
for a minimum of 15 minutes. 

3.3 SITE SYSTEM TESTS 

A. In general, the UPS system Vendor shall be responsible for the performance of all site 
tests on the UPS system, including batteries and disconnecting devices, as required to 
certify the proper operation of the system as a whole.  A recommended site test 
procedure shall be provided by the UPS system Vendor and approved by the Owner.  
The Vendor shall inspect the installation location of the UPS system for the purpose of 
choosing locations for load bank installation.  This testing shall be coordinated with the 
Owner and may occur during normal working hours, overtime or premium time hours. 

B. As a minimum, the following site tests are required with the Installing Contractor 
provided reactive load bank and connecting cables: 

1. Verify that all operating controls, alarms, meters and mimic lights are functioning 
properly.

2. Verify that all alarms function properly.  Record all trip points either by simulation 
or actual fault condition.  Indicate on documented procedure which faults were 
conducted by which means. 

3. Verify all functions including all transfer capabilities. 
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4. Voltage regulation.  Record L-L voltage for each module and for system. 

a. Record each system output voltage at no load. 
b. Record each system output voltage at half rated load. 
c. Record each system output voltages at full rated load. 
d. Calculate the voltage regulation as follows: 

1) (L-NL)/NL)x100=%Voltage regulation 
2) NL= No load volts 
3) L = 1/2 or full rated load volts 

5. Transient Tests 

a. A light beam recorder or equivalent shall be utilized with sufficient 
bandwidth to record one cycle of a 1000 Hertz sine wave and with sufficient 
channels to monitor three phase voltage output, single phase current 
output, single phase current input and single phase voltage input. 

b. Record all system level voltages, current, kW and pf for both, input and 
output of steady state load steps prior to conducting test. 

 Example:  Step load from 25% to 75%.  Record the 25% load setting and 
the 75% load setting before performing the transient test. 

c. Each transient test listed below shall be recorded and shall meet the 
following criteria, except when noted otherwise: 

d. Plus 8% or minus 8% with a recovery of 16 milliseconds to within plus or 
minus one percent of the initial steady state value.  This criteria shall be 
met by each individual transient, measured line to line. 

e. The method of measuring a transient is as follows: 
f. The steady state voltage envelope prior to the transient measured in 

millimeters is subtracted from the peak-to-peak transient measured in 
millimeters.  This absolute difference is divided by the steady state voltage 
envelope and multiplied by 100 to arrive at the percent transient. 

g. An interruption of power under any of the following transient tests are 
considered to be out of spec: 

1) Load Step Transients: 

a) For each module, perform the following load steps: 

(1)  0% to 50% to 0% of the full module load 
(2)  25% to 75% to 25% of the full module load 
(3)  50% to 100% to 50% of the full module load 
(4)  75% to 110% to 75% of the full module load 
(5)  0% to 100% to 0% of the full module load 

2) UPS to Bypass Transfer Transients 

a) With the entire system operating at full load, transfer the load 
from the UPS to the bypass and back to UPS. 

3) Isolation Transients: With the entire system operating at full load, 
simulate a blown fuse in one module.  Observe the module removing 
itself from the output bus. 
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4) Input Fail Transient: This test is to be conducted with a fully charged 
battery, with module on-line and at full rated load.  The system output 
voltage shall be monitored by the light beam recorder. 

5) Note that the transients do not exceed the Specification or that the 
output modulation of each module does not exceed 1% as defined by 
the formula below: 

 VM% = (Ep MAX - Ep MIN) x 100 
   Ep MAX + Ep MIN 
 EpMAX = Maximum phase voltage (peak-to-peak) 
 EpMIN   = Minimum phase voltage (peak-to-peak) 

a) Remove the input power for one minute and then re-energize. 
b) Repeat this test a total of three times to demonstrate 

consistency in performance. 

6) Loss of Bypass Remove the bypass line from the system input for 3 
minutes.  Reconnect the bypass and record the time until the UPS 
system synchronizes to bypass. 

6. Heat Run 

a. Operate the entire system continuously for twenty four (24) hours at full 
load.  For the first four hours operate with module on line. 

b. Record the system output voltage, current and frequency on each phase at 
one hour time intervals to verify stability of the UPS output.  Also monitor 
and record the room temperature throughout the heat run.  After 12 and 
after 24 hours, perform an infrared scan of each UPS module.  

7. System Battery Tests: The objective of this test is to verify the compatibility of the 
batteries with the associated UPS system and to verify the full load operation of 
each module for the reserve time and to cut off voltage specified. 

a. Prior to the start of the test, the battery shall be floated at the required 
voltage for the time specified by the battery vendor.  Measure and record 
the resistance of all inter-cell and inter-tier connections using a Biddle 
micro-ohmmeter or equivalent. 

b. Each module shall be tested with full load and shall be maintained for a 
minimum of 10 minutes, to a cut off voltage of 1.67 volts/cell after 
disconnection of utility voltage input to module under test. 

c. After module of each system has been successfully load tested, recharge 
batteries of system for minimum of 3 hours (to 95% capacity), after which 
time perform system tests as specified. 

d. The test shall be conducted with each UPS module at the specified load.  
Remove the AC input and record the time and measure and record voltage 
drop across each battery connection under full load.  At thirty seconds 
intervals, record the DC voltage and current.  Record the time in which the 
battery discharge related alarm occurs and conduct an infrared scan of the 
battery installation.  Using the light beam recorder running at slow speed, 
record the critical load voltage and one phase input current prior to and 
during the entire input fail.  Continue to record without interruption for a 
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minimum of five minutes to demonstrate the input walk-in current and the 
input current limit. 

e. After successful completion of individual module testing, perform the 
following system tests at full load using a light beam recorder connected 
across system output. 

1) Open utility input breaker, record output voltage and current during 
input failure when inverter input transfers from rectifier to battery. 

2) Close utility input breaker, record output voltage and current during 
time when inverter input transfer from battery to rectifier. 

3) Fail UPS system, critical load transfers to UPS static by-pass utility 
input, record voltage and current during time, load transfers between 
inverter output and utility. 

4) Reestablish UPS system output, critical load transfers from UPS static 
by-pass to UPS output, record voltage and current during time, load 
transfers between static switch and inverter output. 

f. The batteries shall be recharged to 95% of full charge within 12 times the 
discharge time.  Record every thirty minutes the input and output voltage, 
current, kW, pf, frequency and the DC voltage and current until the 
recharge requirement is met. 

g. Upon successful completion of the battery tests and after the batteries 
have a chance to reach their normal charge and temperature, take a full set 
of cell voltage readings, specific gravity and cell temperature readings. 

h. After completion of discharge testing, retorque connections varying by 
more than ±10% of average voltage. 

i. After completion of installation and acceptance of system by the owner, 
Vendor shall certify that installation is complete and in accordance with all 
of Vendors requirements and that Vendor warrantee is in effect. 

C. An integral power system test designed to demonstrate the operation of the UPS 
system in conjunction with the emergency generators shall also be conducted by the 
Contractor with the assistance of the Vendor.  The test shall extend for at least four 
hours and shall prove the following: 

1. Compatibility between the UPS system and the generators, i.e. harmonics will 
not influence voltage regulation and the UPS input filter will not affect the 
generators. 

2. Ability of the UPS system to synchronize to the generator output. 
3. Ability of the UPS system to transfer the load from UPS system to maintenance 

bypass and back while on generator power. 
4. Ability of the UPS to limit battery recharge current while on generator power. 

D. Live Load Test 

1. Upon completion of the load tests using the load banks, the following tests shall 
be repeated using the actual live load and at that time, record load voltage, 
current and frequency on each phase of each module: 

a. Determine compliance to Specifications under actual critical load conditions 
of the following: 

1) Voltage regulation 
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2) Voltage unbalance 
3) Modulation 

2. Verify that the UPS system is capable of supporting the non-linear computer 
load.

E. The Vendor shall provide qualified field service personnel as required to supervise the 
site tests. The Vendor’s field service technicians shall provide all special 
instrumentation, including line disturbance analyzers, oscilloscopes and event 
recorders, required to perform the tests. 

F. Electrical trade labor for all tests shall be provided by the Installing Contractor. 

G. The UPS system Vendor shall provide all special equipment required to conduct these 
site tests.  Special equipment shall mean any instrumentation or supplies specifically 
required for testing UPS system equipment, and not normally in the possession of 
trade contractors. 

H. Load banks and load bank cables as required for site testing shall be provided and 
operated by the Installing Contractor. 

END OF SECTION 16610
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SECTION 16910 –EPMS LAN CABLE PLANT 

NOTE TO SPECIFICATION WRITER: 
SPEC WRITER SHALL MODIFY THIS SPECIFICATION AS NECESSRY TO ACCOMPLISH THE 
FOLLOWING: 

Modify specifications to suit project conditions, scope, all applicable codes, environmental 
conditions and seismic requirements. 

Include references to all applicable related sections, such as general construction 
divisions 2 through 14 sections, mechanical division 15 sections, other division 16 
sections and division 1 section.

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and 
Division 1 Specification Sections, apply to this and other Sections of Division 16. 

1.2 SUMMARY 

A. This section includes the installation of a complete Electrical Power Monitoring System 
(EPMS) cabling system as detailed in the Drawings and as described in the 
Specifications.   

B. The Contractor shall furnish and install the equipment specified herein to be connected 
to Government-Furnished EPMS equipment. The Contractor shall obtain detailed 
wiring diagram for Government Furnished EPMS equipment prior to roughing in 
raceways.  All cabling types, enclosures and power requirements shall be verified with 
EPMS equipment provider prior to submitting products or ordering equipment.   

C. Refer to the drawings and EPMS points list manual for details on quantities of 
monitoring points and work to be performed. 

1.3 SUBMITTALS 

A. Shop drawings shall clearly indicate the requirements for the specific Project only. The 
following shall be submitted: 

1. Catalog sheets indicating features, specifications, application data for cabling, 
cabinets, racks, patch panels, connectors and ancillary accessories, etc. (all 
equipment specified herein).   

2. Point-to-point wiring diagrams of all monitoring circuits in each piece of 
equipment.

3. Documentation establishing qualifications to perform installation functions as 
required above:  

4. List of similar projects, of comparable complexity, type, and scope as detailed in 
the Contract Documents, and successfully completed by the bidder within the last 
3 years.
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5. Provide at least three references associated with these similar projects that the 
Government may contact and/or visit.  For each, provide a description of the 
work performed; duration; and customer contact name, title, and phone number.  

6. Summary of experience installing pathways, or copper and fiber optic 
communications systems as appropriate.  

7. Resumes and backgrounds for all key personnel that will be involved in this 
specific project including those responsible for field supervision, quality 
assurance, and safety.  Resumes shall include professional histories, references, 
training, licenses, and any certifications held.  Any subsequent changes from 
these personnel must be agreed upon between Contractor and the Government.  

8. Provide a list of twisted-pair and fiber optic cable test equipment with calibration 
certification. 

9. Cable termination and test plans as required.  
10. Provide all applicable portions of the following completed test documentation for 

sections listed in paragraph above, in addition to the standard requirements, 
within 10 days after completion of the tests for each cable channel or link.  

11. Test reports shall be submitted in the following manner.  
12. One copy on eight and one-half inch by eleven inch paper providing for quality 

reproducible printing.  Also provide one copy on three and one-half inch floppy 
diskette or compact disk in Microsoft Excel format.  

13. Submit test report documentation through the Owner for review by the Engineer 
for specification conformance.  

14. Twisted-pair field test documentation.  

B. Bidders will provide a Compliance Review of the Specifications and Addenda (if any).  
The Compliance Review shall be a paragraph-by-paragraph review of the 
Specifications with the following information, “C”, “D” or “E” marked in the margin of the 
original Specifications and any subsequent Addenda. 

1. “C”: Comply with no exceptions. 
2. “D”: Comply with deviations.  For each and every deviation, provide a numbered 

footnote with reasons for the proposed deviation and how the intent of the 
Specification can be satisfied. 

3. “E”: Exception, do not comply.  For each and every exception, provide a 
numbered footnote with reasons and possible alternatives. 

C. Unless a deviation or exception is specifically noted in the Compliance Review, it is 
assumed that the Bidder is in complete compliance with the plans and Specifications.  
Deviations or exceptions taken in cover letters, subsidiary documents, by omission or 
by contradiction do not release the Bidder from being in complete compliance, unless 
the exception or deviation has been specifically noted in the Compliance Review.  The 
Bidder may submit the latest state-of-the-art components in lieu of specified items.  All 
deviations from the Specifications must be approved by the Government. 

1.4 QUALITY ASSURANCE 

A. The installer must be telecommunications cabling contractor that is licensed and 
experienced to install Category 6, coaxial, control and optical communications cabling. 

B. Provide only a Connectivity Solution that can qualify for Extended Product Warranty 
and Application Assurance Program. 
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C. Provide passive cabling components for copper-pair data cabling and optical fiber 
cabling. The installed cabling solution must be able to qualify for the Structured 
Connectivity Solution 10-Year Extended Product Warranty and Application Assurance 
Program.

D. The installer must be certified by manufacturer to provide and install a Structured 
Connectivity Solution. The final deliverable for project by the Contractor must be 
registered by manufacturer certifying the communications cabling project. Government 
representatives shall review and approve the part numbers and specifications of all 
materials described in this Specification before ordering.  

E. Communications Cabling:  The Contractor shall have 3 years of documented 
experience performing cable placement, splicing, termination, connecting, and testing 
for each of the media types and system material components specified in the 
Subcontract Documents, e.g., Category 6 UTP, single-mode fiber, multimode fiber, etc.  
In the case of newer technologies that do not have a 3-year history, the Contractor 
shall have documented experience for at least half of the lifetime of the new 
technology.

1. Project Manager, Supervisors, and Principal Skilled Technicians:  minimum of 
5 years’ experience in like work. 

2. Category 6 Unshielded Twisted Pair and Fiber Optic Cable Technicians:  
documented training, licensing, and/or certification for the types of media 
specified, as applicable. 

1.5 STANDARDS 

A. All equipment, material, work and testing supplied shall be in accordance with the 
latest edition and amendments of all applicable standards, codes, laws and regulations 
listed below: 

1. American National Standards Institute (ANSI) 
2. National Electrical Code (NEC) 
3. Underwriters’ Laboratories, Inc. (UL) 
4. Institute of Electrical and Electronics Engineers (IEEE) 
5. National Electrical Manufacturers’ Association (NEMA) 
6. Federal,  State and local codes and laws. 
7. International Standards  ISO/IEC 11801.   
8. EIA/TIA-568-A, Commercial Building Telecommunications Wiring Standard. 
9. EIA/TIA-569, Commercial Building Standard for Pathways and Spaces. 
10. TIA/EIA TSB-67, Transmission Performance Specification for Field Testing of 

Unshielded Twisted-Pair Cabling Systems. 
11. International Standard ANSI/IEEE 802.3. 
12. EIA/TIA-606, Commercial Building Administration Standard for the 

Telecommunications Infrastructure. 
13. EIA/TIA-607, Commercial Building Grounding and Bonding Requirements for 

Telecommunications. 
14. All standards related to or referenced by the standards listed herein. 
15. National Electrical Code.  Twisted-pair communications cables shall conform to 

national Electrical Code Article 800, Communication Circuits.  Fiber optic 
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communications cables shall conform to National Electrical Code Article 770, 
Optical Fiber Cables.   

B. All equipment furnished shall be in accordance with the most stringent area seismic 
requirements of the Federal Government, State and city. 

1.6 IDENTIFICATION 

A. All panels, devices and equipment shall be identified by name or function by means of 
nameplates. 

B. Except as otherwise noted, nameplates shall be of laminated phenolic compound with 
beveled edges and engraved to display white characters on a black background. 

C. Nameplates shall be attached using self-tapping stainless steel screws. 

D. The Vendor shall submit a nameplate inscription schedule for the approval of the 
Government prior to engraving the nameplates. 

1.7 OPERATING AND MAINTENANCE INSTRUCTIONS 

A. The Vendor shall furnish to the Government operating and maintenance instructions for 
each piece of equipment, each device and for the complete arrangement of equipment 
and devices supplied. 

B. The instructions shall provide detailed descriptions of the operation and maintenance 
of the equipment or device, manufacturer’s literature, detailed wiring diagrams, device 
internal wiring diagrams, electrical characteristics and descriptive literature shall be 
included.  All material should be bound in a hardcover three ring binder, with table of 
contents and tabs identifying all major sections. 

1.8 WARRANTY 

A. General Warranty:  The special warranty specified in this Article shall not deprive the 
Owner of other rights the Owner may have under other provisions of the Contract 
Documents and shall be in addition to, and run concurrent with, other warranties made 
by the manufacturer under requirements of the Contract Documents. 

B. A ten (10) year extended product warranty and application assurance for this wiring 
system shall be provided for all new cabling as follows: 

1) The 10-year extended product warranty shall cover the replacement or repair of 
defective product(s) and labor for the replacement or repair of such defective 
product(s) for a ten (10) year period. 

2) The 10 year application assurance shall cover the failure of the wiring system to 
support the application which it was designed to support, as well as additional 
application(s) introduced in the future for a ten (10) year period. 

C.     Upon successful completion of the installation and subsequent inspection, the customer 
shall be provided with a numbered certificate, from the manufacturing company, 
registering the installation. 

1.9  DELIVERIES, STORAGE AND HANDLING 
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A. All equipment and material shall be shipped to the job site by direct dedicated carrier. 

B. All equipment shall be adequately protected, braced and secured to prevent physical 
and environmental damage during transit and handling.  All material not mounted or 
installed on the major equipment during shipping shall be properly crated and shipped 
with the associated equipment. 

C.   Delivery: Contractor shall receive, GFE at the jobsite.  Contractor shall unload, unpack, 
and install GFE.  Notify Contracting Officer [_____] calendar days prior to when 
delivery on the site is required.  GFE shall be unpacked in the presence of Contracting 
Officer to determine damage or missing parts.  Contractor shall be responsible for 
damage sustained by the materials and equipment after this inspection.  EPMS 
equipment is heavy and easily damaged.  Do not bump or bounce equipment at any 
time.  When lifting, do not tip beyond 5 degrees. 

1.10 EXTRA MATERIALS 

A. Vendor to supply a recommended spare parts list with unit pricing. 

PART 2 - PRODUCTS 

2.1 EPMS LAN CABLE PLANT 

A. General 

1. The Contractor shall be responsible for: 

a. Providing all materials, and the necessary labor and services required to 
ensure a complete Cat 6 cabling system, installed in accordance with the 
intent of the Contract Documents. Subcontracting is acceptable. 

b. Furnishing and installing all incidental items not actually shown or 
specified, but which are required by good practice to provide a complete 
functional system. 

c. Coordinating the details of facility equipment and construction for all 
specification divisions, which affect the work covered under this Division. 

d. Coordinating all activities with the overall construction schedule. 
e. Ensuring materials in excess of those required to complete the project are 

kept in their original condition and packaging for restocking. 

2. Summary Description Scope of Work 

a. Furnish and install Category 6 cable, cable ladder rack, patch panels, racks 
and equipment as shown on the contract drawings.  Furnish, install, 
terminate, label, and test a complete operating cabling system, as shown 
on the Contract Drawings: 

b. Furnish and install Category 6 cable.   
c. Provide patch panels, coupling panels, connectors and accessories.  Refer 

to contract documents for correct quantities. 
c. Provide copper patch and interconnect cords  
d. Provide fiber patch and interconnect cords. 
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e. Provide and install fire stopping of all penetrations, as described in 
Contract Documents. 

f. Provide and install labeling of the newly installed cabling, as described in 
this Section. 

g. Exposed cable installed in underfloor cavities within Data Center must 
meet NEC Article 645. 

3. Intent of Drawings: 

a. EPMS LAN and Cable Plant Drawings show only general locations of 
equipment, devices, raceways, cable trays, boxes, etc., unless specifically 
dimensioned.

b. The Contractor shall be responsible for the proper placement and routing of 
equipment, cable, raceways, cable tray, power and related components; 
according to the Contract Documents and subject to prior review by the 
Government.  Raceways are to be furnished and installed by the 
Contractor.

c. If found, refer any conflicts within the Contract Documents to the Owner for 
resolution.

2.2 FIELD HARDWARE COMPONENTS 

A. Advanced Web Enabled Revenue Accurate Power Quality Meter with Sub-Cycle 
Transient Detection:  Installed and wired by switchgear manufacturer.  Provide 
Ethernet connection, GPS synch signal, cabling, and field wiring from external devices 
to I/O as indicated on the drawings. 

B. Sequence of Event Recorders:  Installed and wired by Contractor.  Provide Ethernet 
connection, programming and GPS synch signal. 

C. Video Display Terminals with Industrial PC: Installed and wired by switchgear 
manufacturer.  Provide Ethernet connection. 

D. Ethernet Gateways:  Installed and wired by Contractor. 

1. Ethernet Gateway shall feature one 10/100 Mbit UTP port; one 100 Mbit fiber 
optic port. 

E. Horizontal Cable 

1. Horizontal Cables:  Plenum rated. 
2. Horizontal cables shall be clearly factory-labeled at intervals not greater than 1 

foot to easily differentiate Category type. 
3. Type UTP Cat 6-CMP: Category 6, CM/CMR (Non-plenum Rated) 4-pair 

horizontal UTP cable. Plenum cable unshielded 100-ohm inside twisted-pair 
cable for use in the horizontal distribution subsystem. Shall meet or exceed the 
requirements of EIA/TIA 568-B.1 and 568-B.2. Specifications are provided for 
Category 6 based on transmission performance.  

4. Type Multimode Fiber Optic 62.5 , graded index, tight buffered, plenum rated 
station cable. 

5. Provide fiber optic strand count as required. 
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F.    Connectors 

1. UTP: Category 6, 8-position/8-conductor modular plug without key for use with 
oval or round four-pair UTP. 

2. Fiber Optic:  Duplex LC or Simplex SC configurations. Coordinate fiber optic 
termination type with equipment provided. 

G. Backbone Copper Cable 

1. Backbone Cables:  Plenum rated. 
2. Backbone cables shall be clearly factory-labeled at intervals not greater than 1 

foot to easily differentiate Category type. 

H. Single-Mode Fiber Optic Cable 

1. Single-mode optical fibers shall be Class IVa dispersion-unshifted, graded index, 
optical fibers, which comply with ANSI/EIA/TIA-492BAAA.  The single-mode fiber 
optic cable cores consist of 8.3/125/250, 8.2/125/900, or 8.3/125/900  optical 
fibers which meet or exceed the following optical specifications: 

a. Zero Dispersion Wavelength:  between 1,300 nm and 1,324 nm. 
b. Maximum Value of Dispersion Slope at S:  no greater than 0.093 ps/km-

nm2.
c. Nominal Diameter:  8.7 um to 10 um with tolerance of plus or minus 0.5 um 

at 1,300 nm. 
d. Maximum Attenuation: 

1) 0.7 dB per km at 1,310 nm. 
2) 0.7 dB per km at 1,550 nm. 

2. Type 8.3/250:  8.3/125/250  single-mode fiber optic underground cable with 
nonmetallic construction and filled loose tube core; requires buffer tubing. 

3. Type 8.3/900:  8.3/125/900  single-mode fiber optic building cable with 
nonmetallic construction, a core of individually tight buffered fibers, and listed 
OFNR as shown in the Drawings. 

I. 62.5  Multimode 

1. Multimode fiber optic cable cores shall be Class IVa graded index optical fibers 
with nominal 62.5/125  core/cladding diameter and shall meet or exceed the 
requirements of EIA/TIA 568-A 12.2 and ANSI/EIA/TIA-492AAAA. These cables 
should meet or exceed the following specification: 

a. Attenuation range: 

1) 2.7 to 4.0 db per km @ 800 
2) 0.8 to 3.0 db per km @ 1300 
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b. Bandwidth range: 

1) 500 to 1000 MHZ per km 
2) 500 to 1500 MHZ per km 

2. Type 62.5/125: 62.5/125  multimode fiber optic building cable with nonmetallic 
construction, a core of individually tight buffered fibers, and listed OFNR or 
OFNP as shown in the CD. 

J. Fiber Optic Connectors 

1. Terminate 62.icron multimode fiber optic strands at both ends using 62.5/125
multimode connectors, as indicated on the pull schedules. 

2. Terminate single-mode fiber optic strands at both ends using 8.3/125  single-
mode connectors, as indicated on the pull schedules. 

3. Terminate fiber optic connectors with the manufacturer's recommended 
terminating procedures. 

K. Fiber Patch Panels 

1. Install couplers/connectors in adapter panels and mount panels on the 
distribution shelf. Use separate adapter panels for different low voltage trades 
and different fiber optic type. Refer to pull schedules and detail drawings. 

L. Communications Cable Management Accessories 

1. Horizontal cable management panels 2 Rack Units high (2RU). Vertical cable 
management panels 3” wide. Cable managers shall be metal ring type with solid 
cover panels 

M. RS 485 Paired Instrumentation Cable for trip units 

1. 2 pair, 4 conductor, unshielded, 22 AWG, 7x30 stranding, tinned copper, 
polypropylene insulation with 8 twists per foot.  

2. Aluminum Foil-polyester tape inner shield, 100% coverage, PVC outer jacket, 45 
ohms impedance, 0.17 uH/ft nominal inductance, 35 pF/ft, nominal capacitance 
at 1 kHz, 300 V RMS.   

N. IRIG-B/GPS and DCF-77 Paired Instrumentation Cable 

1. 1 pair, 2 conductor, shielded, 18 AWG, 16x30 stranding, tinned copper, 
polypropylene insulation with 8 twists per foot.  

2. Aluminum Foil-polyester tape outer shield, 100% outer shield coverage, PVC 
outer jacket, 60 ohms impedance, 0.18 uH/ft nominal inductance, 24 pF/ft 
nominal capacitance at 1 kHz, 300 V RMS,  

O. Twisted Pair Premises Connectors 

1. Subminiature “D” insulation displacement 9, 15, and 25 position connectors with 
backshell for 22- to 26-AWG wire. 
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P. Outlets 

1. Faceplates 

a. All faceplates shall be in a single gang configuration. 
b. Surface mount boxes shall be available in single gang configuration. 

2. Outlets for voice and data: 

a. Communications outlets shall consist of single gang surface mount utility 
outlet boxes with plates equipped with 8-pin modular  (RJ-45) jacks, and 
shall utilize EIA/TIA-T568B wiring.  Provide RJ45 outlets in quantities as 
shown on the Drawings. 

3. Outlet locations 

a. Outlets installed within the switchgear will be mounted to surface mount 
boxes.

b. Outlets installed in walls will be mounted in single gang flush mount boxes. 
c. Unless otherwise noted on the floor plans or within this document, all 

outlets for 24 AWG copper cable shall be 8-position/ 8-conductor modular 
outlets.

e. Support universal applications in a multi vendor environment, accepting 
modular RJ-45 plugs.  Provided with blank module inserts for all unused 
module locations.  Jack module arrangement is shown on the Drawings.   

4. Category 6 outlets 

a. All category 6 outlets shall meet or exceed Category 6 transmission 
requirements for connecting hardware, as specified IN ANSI/TIA/EIA 568A 
commercial building telecommunications cabling standard, horizontal cable 
section.  Conform to latest draft at time of purchase. 

Q. Patch Panels 

1. Category 6 RJ45 Modular Patch Panel 

a. Used in the Mezzanine patch racks to distribute the station cables and in 
the wall mounted distribution cabinets on the first floor for the equipment 
field.

b. Mounted on 19" equipment rack. 
c. 48-Port Patch Panel, 2 RU high, black. 
d. Provide all associated hardware. 

R. Racks and Cabinets – Government Furnished  provided with EPMS Equipment. 
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S. Modular Patch Cords 

1. Provide modular patch cords for each assigned port on the patch panel.  All 
cords shall conform to the requirements of EIA/TIA 568A commercial building 
telecommunications cabling standard, horizontal cabling section, and be part of 

the UL  LAN certification and follow-up program.  Cords shall be equipped with 
an 8 pin  modular connector on each end and shall conform to the length(s) 
specified on the detailed drawing.  Cords shall have a T-568B wiring 
configuration. 

2. All Category 6 cordage shall be round, and consist of 24-awg copper, stranded 
conductors, tightly twisted into individual pairs. 

T. Grounding 

1. Grounding conductors of the size and type shown on the Drawings, or use a 
minimum of 6-AWG insulated copper wire. 

2. Provide solid copper busbar, predrilled for lug connections, with a minimum 
thickness of ¼ inch, for racks and cabinets.  : 

3. Provide solid copper busbar, predrilled for lug connections, with a minimum 
thickness of ¼ inch, in Building Engineer’s Office and UPS Rooms for connection 
to the grounding electrode system and the telecommunications tacks and 
cabinets.

U. Unspecified Equipment and Material 

1. Any item of equipment or material not specifically addressed on the Drawings or 
in this Specification and required to provide a complete and functional cable plant 
installation shall be provided in a level of quality consistent with other specified 
items.

PART 3 - EXECUTION 

3.1 IDENTIFICATION 

A. Provide warning signs to conform with OSHA and State and local requirements. 

3.2 FIELD QUALITY CONTROL 

A. Contractor shall notify Contracting Officer in writing at least 45 calendar days prior to 
completion of the EPMS wiring installation.  At this time the Contracting Officer, will 
schedule the EPMS manufacturer's technical representative to inspect the completed 
installation.   

B. Contractor shall be on-site during EPMS system testing, training and commissioning.  
Provide equipment, test instruments, power, materials and labor required for tests. 
Contracting Officer will witness all tests and the tests shall be subject to his approval.  
Defects resulting from improper handling or installation shall be corrected by the 
Contractor and retested at no additional cost to the Government.  Defects resulting 
from non-Contractor furnished equipment failure shall be repaired by equipment 
manufacturer.  Contracting Officer will make final decisions as to whether a failure was 
due to improper installation or defective non-Contractor furnished equipment 
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3.3. DEFINITION OF ACCEPTANCE 

A. System acceptance shall be defined as that point in time when the following 
requirements have been fulfilled: 

1. All submittals and documentation have been submitted, reviewed, and approved. 
2. The complete system has successfully completed all testing requirements. 
3. All punch list items have been corrected and accepted. 

3.4 PROJECT RECORD DOCUMENTS 

A. Provide detailed project record documentation for sections listed in paragraph above, 
in addition to the standard requirements, within 30 days after completion of the work. 

1. Maintain separate sets of red-lined record drawings for the communications work 
which show the exact placement and identification of as-built system 
components.

2. Provide communication pathway record drawings which indicate exact placement 
and routing for all components, e.g., manholes, handholes, conduit, wireway, 
cable tray, pull boxes, enclosures, telecommunications outlet boxes, etc. 

3. Provide communication room record drawings which indicate exact placement for 
all components; e.g., conduit, wireway, cable tray, backboards, equipment 
cabinets, equipment racks, cross-connect equipment, etc. 

4. Provide communication wiring and cabling record drawings and schedules which 
indicate exact placement, routing, and connection details for all components, 
e.g., twisted-pair cables, splices, cable cross-connect termination locations, 
enclosures, telecommunications outlets, cross-connect jumpers, patch cords, etc. 

5. Provide network schematics when appropriate. 

3.5. INSTALLATION 

A. Contractor shall obtain EPMS vendor cabling installation drawings from Contracting 
Officer prior to roughing in raceways or purchasing cables.  All details of terminations, 
equipment locations, equipment cabinets or boxes, and installation shall be thoroughly 
reviewed and coordinated with the EPMS vendor. 

B. Install cable after interior of building has been physically protected from the weather 
and all mechanical work likely to injure conductors has been completed. 

C. Before installing cabling, ensure all cable pathways are completely and thoroughly 
cleaned:

1. Inspect conduit, wireway, cable trays, and innerduct installed by others. 
2. Swab all enclosed raceway and innerduct systems. 
3. Pulltape 

a. Pulltape (muletape) with preprinted foot markers is usually provided when 
conduit and innerduct are installed; if not, provide pulltape in each empty 
communications conduit containing a bend or over 10 feet in length. 
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4. Install communications cable in accordance with manufacturer’s instructions so 
as not to exceed the manufacturer’s specified pulling tension. 

5. Provide pigtails of adequate length for neat, trained, and bundled connections. 
6. Provide protection for exposed cables where subject to damage. 

a. Provide abrasion protection for any cable or wire bundles which pass 
through holes or across edges of sheet metal. 

b. When installing cable, insure that any lengths of cable dressed along the 
floor are protected from traffic. 

7. Cable Management Mountings, Hangers, and Attachments:  Hold 
communications cable firmly in place using independent support. 

a. Design and install straps, mountings, hangers, J-hooks, support wires, 
distribution rings, cable tie mountings, and other similar fittings adequate to 
support loads with ample safety factors and so as not to damage, bind, or 
deflect cable.  Do not use plumbers’ perforated straps as a means of 
support.

b. Do not fasten communications cable supports to steam, water, or other 
piping, ductwork, mechanical equipment, electrical equipment, electrical 
raceways, or wires used to support ceiling grid.  Do not allow 
communications cables to make contact with ceiling tiles, ceiling grid 
support wires, or lighting fixtures. 

8. Communications Cable Ties:  Cable ties and other cable management clamps 
shall be no more than hand tightened and shall fit snugly, but not compress, 
crimp, or otherwise change the physical characteristics of the cable jacket or 
distort the placement of twisted-pair components.  Replace any cable exhibiting 
stresses due to overtightening of cable management devices.  Use the following 
types of cable ties: 

a. Plenum Building Areas:  Where cable passes through open return air 
space, use plenum-rated color-coded and Velcro cable ties. 

b. Nonplenum Building Areas:  Use conventional flame-retardant color coded 
velcro ties.  

c. Exterior and Underground Locations:  Use black Velcro cable ties. 

9. Cabling:  Utilize continuous unspliced lengths of copper conductors or fiber optic 
strands between splice enclosures and/or termination points. 

a. Arrange wire and cable neatly, cut to proper length, and remove surplus 
wire or strand. 

b. Provide suitable cable slack in vaults, handholes, boxes, outlets, and at 
turns to ensure that there is no kinking or binding of the sheath. 

c. Where possible, route cables in overhead cable trays and inside wire 
management systems attached to the equipment cabinets and racks.  Use 
velcro ties or ducts to restrain cabling installed outside of wire management 
systems on racks or in cabinets. 
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10. The number of twisted-pairs or fiber strands specified for each cable shall be 
terminated and working. 

11. Place unshielded twisted-pair (UTP) cable so as to maintain the minimum cable 
bend radius limits specified by the manufacturer or the following, whichever is 
larger:

a. Horizontal Four-Pair Unshielded Twisted-Pair Cables: 

1) Termination Points:  eight times the cable diameter. 
2) Other Locations:  four times the cable diameter. 
3) Multipair Unshielded Twisted-Pair Cables:  Maintain a minimum bend 

radius of ten times the cable diameter. 

12. To avoid stretching four-pair horizontal cable conductors during installation, do 
not exceed a 25-pound force pulling tension (tensile loading). 

13. Place copper cables transitioning between the cable trays and cabinets or racks 
in a neat and orderly manner per NEC 318.11(b) requirements.  Velcro tie-wrap 
transitioning bundles. 

14. Directly terminate twisted-pair cable on wiring blocks, patch panels, and TOs in 
standard WECO color code order. 

15. Use wiring block and/or connector manufacturer’s recommended tools with the 
proper-sized anvils for all copper punchdown, wirewrap, and crimp terminations.  
Stuffer caps are not permitted. 

16. Unshielded twisted-pair connecting hardware and material including wiring 
blocks, patch panels, connectors, TOs, cross-connect jumper wire or cables, 
patch cords, and other components used to connect unshielded 100-ohm 
twisted-pair cable shall meet or exceed the requirements of EIA/TIA TSB40, 
Additional Transmission Specifications for Unshielded Twisted-Pair Connecting 
Hardware, for the category of use specified in the Contract Documents. 

17. Cable Jackets:  To reduce untwisting of pairs, maintain the twisted pair cable 
jacket as close as possible to the point of termination. 

a. Multipair Cable:  Strip back only as much cable jacket as is required to 
terminate on connecting hardware. 

b. Horizontal Cable:  Strip back no more than 1 inch of cable sheathing. 

18. Pair Twist:  Observe the EIA/TIA-568-A recommended practice of preserving 
wire pair twists as closely as possible to the point of mechanical termination.  The 
amount of untwisting in a pair as a result of termination to connecting hardware 
shall be no greater than 1 inch for multipair and Category 3 cables, and no 
greater than 1/2 inch for Category 6 cables.  This practice maintains the 
maximum number of twists in the wire, to minimize signal impairment and reduce 
potential problems with high-speed transmission. 

19. Seal all raceways entering structures, including conduit and innerduct with cable 
installed, at the first box or outlet to prevent the entrance of gases, liquids, or 
rodents into the structure. 

a. Inspect entrance seal installation by others between building structure 
and/or innerduct and conduit to verify integrity of installation. 

b. Empty Conduits:  Install removable screwtight duct plugs. 
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c. Conduit with Innerduct Installed:  Suitable duct water seal between conduit 
and innerduct. 

d. After Cable Installed:  Suitable duct water seal between conduit and cable 
or between innerduct and cable. 

20. Seal penetrations in fire-rated walls and floors.  The following requirements shall 
apply to the communications contractor: 

a. Inspect firestopping installation by others between building structure and/or 
innerduct and conduit, sleeves, wireway, and cable tray to verify integrity of 
installation. 

b. Sleeves and Fire Barrier Sealing Systems: 

1) Sleeves:  After cable installation, install intumescent fire barrier 
penetration sealing materials between cables and sleeves or install 
fire barrier sealing systems. 

2) Raceways:  After cable installation, install intumescent fire barrier 
penetration sealing materials between cables and conduit, innerduct, 
or wireway at all exposed penetration locations. 

3) Cable Trays:  After cable installation, install fire barrier penetration 
sealing materials to provide required protection. 

21. Provide each conduit passing from a nonhazardous or noncorrosive area to a 
hazardous area and each conduit entering an enclosure within a hazardous area 
with a sealing fitting which meets applicable NEC Article 500 requirements.  The 
sealing fitting shall be UL-listed and shall be filled with approved sealing 
compound of the same manufacture. 

22. Protect adjacent surfaces from damage during seal or firestop installation.  
Repair any damage. 

23. Communication Spaces Grounding 

a. Building Ground Busbars:  Provide ground busbar hardware at each 
communications space, connect to the building grounding electrode system 
at the Main Grounding Block.  Verify that the ground cable is the same type 
and size conductor used for the main building ground or 4/0. This ground 
busbar is not required if a building ground busbar is available in the room. 
Refer to Ground Bus Detail shown on drawings for ground bus 
construction. 

b. Telecommunications Ground Busbars:  Provide telecommunications 
ground busbar hardware at each telecommunications rack or Cabinet.  
Connect the telecommunications ground busbar to the building ground 
busbar located in the same room using two-hole compression lugs and a 
grounding jumper of the same size as the main building ground or 4/0. 

c. Cable Tray Systems:  Make ground connections by installing a 6-AWG 
bonding jumper between all telecommunications ground busbar and the 
nearest access to the cable tray.  Additionally use 6-AWG bonding jumpers 
across cable tray junctions. Two jumpers shall be used, one on each side 
rail, maximum eight inches long. 

d. Conduits and Sleeves.  Make ground connections by installing a 6-AWG 
bonding jumper between all telecommunications ground busbar and the 
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nearest access to the conduit or sleeve that is not bonded to the cable tray 
system. 

3.6 CABLE TERMINATION, TEST PLANS AND TESTING 

A. General: 

1. Provide proof of testing technician(s) certification for operation of the specific 
units of test equipment which are proposed for use. 

2. The Contractor shall obtain Government approval for each termination and test 
plan prior to execution of the work. 

3. This Section covers work necessary to furnish fiber optic and Horizontal UTP 
cable system testing. 

4. Inspection Requirements: 

a. As part of any performance test, inspect cable, material, and equipment for 
physical damage, continuity, and proper connection. 

b. Verify identification and labeling at required locations for visibility, condition, 
legibility, and accuracy. 

5. Test Report Requirements:  Each test report shall include the following sections: 

a. Scope of testing. 
b. List of equipment used in the test with a photocopy of the calibration 

certificate. 
c. List of technician performing the tests identified in the scope of testing. 
d. Summary of Test Results:  The summary shall be completed by the EPMS 

Contractor.  The summary shall be provided in two different formats.  The 
first uses the available columns provided in the cable schedules and the 
second uses a template to be provided.  Electronic copies of the summary 
forms are available to the EPMS Contractor upon request.  

e. Individual Test Data Sheets:  The individual test data sheets shall be 
developed and completed by the Contractor.  Formatted output from cable 
scanners are typically acceptable provided they contain the information 
required by this Section. 

6. Twisted-Pair Cable Tests:  The most common tools for UTP copper cable testing 
are the time domain reflectometer (TDR), the NEXT tester, and Category 5e 
testers.  NEXT testing shall be performed using a tester approved by the cable 
manufacturer.

7. Twisted-Pair Test Plans:  Provide separate post-installation test schemes for the 
Horizontal Subsystem twisted-pair segment test plan. 

B. Testing and Inspection of Communications Equipment 

1. Provide tests specified below, when applicable, and as indicated under individual 
items of material, equipment, and work specified in this Specification. 

2. Furnish all test equipment and instruments required for the tests. 
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3. Testing shall be performed by responsible, qualified employees of the Contractor 
in the presence of the Owner or an authorized representative. 

C. Unshielded Twisted-Pair Cable System Testing: 

1. Link Test Configuration:  Perform metered tests on each multi-pair twisted-pair 
and/or four-pair UTP cable through the wiring block, patch panel, at each end of 
the cable section and/or telecommunication outlet (T.O.).  The basic link test 
shall be undertaken as described in EIA/TIA TSB67, Section 4, Figure 2. 

2. Channel Test Configuration:  Perform metered tests on each multi-pair twisted-
pair and/or four-pair UTP cable through the wiring block, patch panel, at each 
end of the cable channel and/or telecommunication outlet (T.O.), including cable 
sections, cross-connection equipment, jumper wire, patch cords, equipment 
cords, and station cords, but not including active equipment.  The channel test 
shall be undertaken as described in TIA/EIA TSB67, Section 4, Figure 1. 

3. Performance Testing: 

a. Use field test instruments capable of the following swept/stepped frequency 
voltage measurements in accordance with the performance parameters 
required by EIA/TIA 568-A, and EIA/TIA TSB67 for Category 5:  
Frequencies up to 100MHz. 

b. Test each horizontal link or channel pair to verify/determine, wire map, 
length, attenuation, skew, and near-end-cross-talk (NEXT) as described in 
EIA/TIA TSB67. 

c. Test each T.O. for connectivity to the assigned active equipment slot/card 
and port using a ping test, and link light verification.   

d. Test Reports:  Include field test results for each pair including cable link 
length in accordance with EIA/TIA TSB67.  Refer to paragraph 3.7.A.5.  
The test summary shall include:

1) Cable identification as it appears on cable schedule. 
2) Cable identification as it appears on the individual test reports. 
3) Cable identification as it is labeled in accordance to the 

Specifications. 
4) Pass/Fail Status. 
5) The individual test data sheet shall include the automated print out 

produced by the cable scanning equipment. 

D. Fiber Optic Cable Reel Testing 

1. The Contractor shall be responsible for performing metered fiber optic tests on 
complete reels of any cable with fiber optic components, whether supplied by the 
Contractor, the hardware vendor, or the Owner, as soon as possible after 
delivery to the project.  On-the-reel testing shall be performed and approved prior 
to cable placement. 

a. Visually inspect all cable reels to ensure there is no damage and that each 
reel holds one continuous cable. 
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b. Number each reel, list Contractor’s reel number on manufacturer’s product 
test data shipped with the cable reel, and submit product test data to CM for 
Engineer approval. 

c. Review factory-produced manufacturer’s product test data to confirm 
conformance to product specifications included elsewhere in the Contract 
Documents. 

d. Submit documentation providing the proposed testing sequence, expected 
duration, and scheduled date for the testing to CM and A/E. 

e. Testing procedures shall permit recording of factory and field-tested 
parameters for each fiber, including space for sign-off by CM and A/E. 

f. Test fiber optic components on the reel to ensure compliance with the 
Contract Documents and manufacturer’s product test data.  Verify cable 
length and attenuation are consistent with the manufacturer's data sheet 
and reel identification. 

g. Furnish a copy of the OTDR calibration certificate to the A/E at the time and 
location of testing. 

h. Test each multimode fiber optic strand for continuity and loss in dB/km, at 
850 nm and 1,300 nm, using a recording type OTDR. 

i. Test each single-mode fiber optic strand for continuity and loss in dB/km, at 
1,300 nm and 1,550 nm, using a recording type OTDR with disk storage 
capabilities. 

j. All test results shall be equal to or better than the specifications listed in 
Section 17020, Basic Communications Materials.  Any reel containing fiber 
strands that do not meet this criteria shall be replaced by the provider. 

k. Submit field test documentation for each reel in list form, prior to 
installation, including CM’s signature for A/E approval.  The test summary 
shall include: 

1) Cable identification as it appears on the cable schedule. 
2) Cable identification as it appears on the OTDR print out if it is different 

from a. orc. 
3) Cable identification as it is labeled according to pull schedule. 
4) Pass or fail status for each fiber strand. 
5) Individual test data sheets of the OTDR printouts. 

E. Testing And Inspection of Grounding System 

1. Bonding resistance of all interconnections shall be on (1) milliohm or less for 
each bond when  measured with a 4-terminal milliohm meter. 

2. Submit test results for all busbars installed which verify resistance to building 
ground of less than 1 ohm. 

3. Submit test results which verify that resistance from intra-room cable tray 
systems to telecommunications grounding bus-bars is less than 1 ohm.  
Measurements shall be taken from section of cable tray section furthest from 
telecommunications grounding bus-bars. 

4. Submit test results for 100 percent of racks and cabinets to telecommunications 
ground bus-bar, located within communications rooms, which verify resistance is 
less than 1 ohm. 
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5. Submit test results for 10 percent of multi-pair shields which verify that resistance 
to telecommunications ground bus bar is less than 1 ohm  

F. Final Test And Adjust 

1. The Contractor shall be responsible for post-installation performance testing of all 
cabling systems specified. 

2. Testing procedures shall permit recording the length of each link, theoretical loss 
budget, and tested parameters for each pair and fiber, including space for sign-
off by CM and A/E. 

3. Any cable links with pairs or fiber strands which fail to meet performance test 
criteria shall be reterminated, respliced, or replaced by the Contractor free of 
charge.

4. Submit final field test documentation in list form, including CM’s signature for A/E 
approval.

END OF SECTION 16910 
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APPENDIX E—DRAWINGS 

E 1 DRAWING LIST 

Drawing 

Number 
Drawing Title 

Design

Drawing 

Reference 

Drawing 

E001 General Symbols and Abbreviations 

E120LS Floor Plan – Type 2 Limited Space  

E200 Typical Generator Room Layout 

E201 Typical Generator Switchboard Room Layout 

E202 Typical Input Switchboard Room Layout 

E203 Typical UPS Room Layout 

E204 Typical Battery Layout 

E205 Typical STS and Maintenance Bypass Room Layout 

E206 Typical Outdoor Equipment 

E300 Kohler Generator Fuel Oil Consumption Chart 

E320 Fuel Oil Flow Diagram – Type 2 

E321 Fuel Oil Flow Diagram – Perspective – Type 2 

E322 Fuel Oil Connections Diagrams – Type 2 

E420LSA 
Electrical Single Line Diagram – Type 2A – Limited Space 

Tracon & ATCT 

E420LSB 
Electrical Single Line Diagram – Type 2B – Limited Space 

ATCT CAB 

E421 Equipment Description – Type 2 

E422 Equipment Description – Type 2 

E501 Electrical Details 

E502 Electrical Details 

E503 Electrical Details – Type 2 & 3 STS Wiring Schematic 

E524 Electrical Details – SKRU Details Type 2 

E620LSA 
Switchboard Elevations – Type 2A – Limited Space Tracon & 

ATCT 

E620LSB 
Switchboard Elevations – Type 2B – Limited Space ATCT 

CAB

E720 Panel Schedules – Type 2 
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Appendix E–2   

Drawing 

Number 
Drawing Title 

Design

Drawing 

Reference 

Drawing 

E721 Panel Schedules – Type 2 

E722 Panel Schedules – Type 2 

E723 Panel Schedules – Type 2 

E801LS EPMS Details – Limited Space 

E820LSA EPMS Monitoring Points – Type 2A Limited Space  

E820LSB EPMS Monitoring Points – Type 2B Limited Space  

E821LSA EPMS Wiring Diagram – Type 2A  Limited Space 

E821LSB EPMS Wiring Diagram – Type 2B Limited Space 

E901 Signage and Labeling Example 

E920 Signage and Labeling Standards – Type 2 

E921 Signage and Labeling Equipment Naming – Type 2 

E922 Signage and Labeling Equipment Naming – Type 2 

E923 Signage and Labeling Equipment Naming – Type 2 

Only Design Drawings are Part of the Design Guide. 

The Reference Drawings shall be reviewed by Design Engineer to incorporate all 

design aspects and adapted to each site as applicable.  These reference drawings 

shall be used by the design engineer to develop equipment layouts, grounding, 

signage, fuel systems, etc. 
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  Appendix F–1 

APPENDIX F—TIMETABLE FOR SCHEDULING 
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